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Chapter  XXVIII. 

ZINC. 
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SrxoNTMES.    Spelter y  Spiauter,  Zinkj  Zincum, 

Uutory.  The  ere  of  zinc  called  Calamine,  or  Cadmia, — ^but  not  the 
pare  metal — was  known  to  tho  ancient  Greeks  and  used  in  the  maun- 
facture  of  brass.  The  metal  zinc  was  first  mentioned  by  Paracelsus;  it 
was  for  a  long  time  imported  from  the  East,  but  since  the  middle  of  tbe 
eighteenth  century,  it  has  been  prepared  in  Europe. 

Sources.  As  oxide;  as  carbonate;  as  sulphide;  as  sulphate;  as 
aluminate;  as  silicate;  as  a  compound  of  ferric  oxide  with  zinc-oxide; 
and  as  a  double  carbonate  of  copper  and  zinc. 

Preparation.  Native  carbonate  or  silicate  of  zinc-oxide,  freed  by 
previous  roasting  from  carbonic  acid  and  water— or  zinc-oxide  obtained  by 
prolonged  roasting  from  the  native  sulphide — or  zinc-oxido  which  has 
sublimed  in  the  upper  part  of  the  furnace-shaft  during  the  fusion  of  other 
ores,  is  mixed  with  about  -}  of  its  weight  of  charcoal-powder,  and  heated 
to  a  low  white  heat  in  retorts  or  retort-like  vessels  of  earthenware  or 
iron:  the  zinc  is  then  reduced  and  volatilized,  and  condenses  in  the  colder 
part  of  the  apparatus.  In  Silesia,  the  mixture  of  zinc-oxide  and  charcoal 
or  coke  is  heated  in  muf&cs  3  feet  long  and  1^  foot  high,  six  of  which 
(three  side  by  side)  are  laid  in  one  furnace.  The  evolved  mixture  of 
carbonic  oxide  gas  and  zinc  vapour  passes  from  the  upper  and  fore  part 
of  tbe  muffles,  through  a  knee-shaped  channel,  horizontal  in  the  nearer 
and  directed  downwards  in  the  farther  part,  and  the  zinc  condenses 
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therein  and  drops  down  from  its  lower  aperture.  Part  of  tbe  xine 
vapour,  and  likewise  f^omo  ('.'Hliiiiiim  yapdur,  escnpes  uncondensed  together 
with  the  carbuiiio  oxide  «jni.s,  and  hums  in  the  air,  producing  the  substance 
called  Silesia n  Zinc-lioirt rtt,  {Schhuische.  Zinkhlumen.)  In  Li^ge,  the 
reduction  \»  pcrfoniied  in  earthen  ware  tuhe^,  laid  side  by  side.  The  zinc^ 
as  it  condenses  in  the  f(»rc  part  of  thei<c  tubes,  is  scraped  out  from  time 
to  time  in  the  li(juid  f^tate.  In  Enghmd,  a  number  of  cast-iron  pots  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of 
each  of  these  ]>ot(3  there  ]>ai!«es  a  tube  open  at  both  ends.  The  vessels 
arc  filled  with  the  mixture  to  tfuch  a  height  as  not  to  stop  up  the  upper 
end  of  the  tube,  then  closed  with  a  well-titting  cover,  and  heated.  The 
zinc  drops  down  from  the  part  of  the  tube  which  descends  from  the 
bottom  of  the  crucible.  This  i»rocess  \^  i.^\c\{  Dtiftillatio  jttr  descensum,'-^ 
2.  At  Goslar,  zinc  is  obtained  as  a  Eccondary  product  in  the  smelting  of 
lead  ores.  The  zinc  ya]>ours  condense  in  the  upper  half  of  the  furnace, 
and  run  down  fnnn  the  shaft  u]K'n  a  slanting  stone  called  the  zinc-^ttHiL 
{Zinkstuhl.)  The  zinc  thus  obtained  is  melted  in  iron  pot«  and  poured 
out  on  tables. 

Commercial  zinc  may  contain  charcoal,  sulphur,  manganese,  arseuicy 
antimony,  cadmium,  tin,  lead,  iron,  cobalt,  nickel,  and  copper.  Uranium 
has  likewise  been  mentioned  as  an  impurity  in  zinc,  but  probably  copper 
was  mistaken  for  it.  Carbon  is  contained  in  zinc  in  the  iorm  of  chan»al 
splinters,  according  to  Wackenroder,  and  as  carbide  of  zinc,  according  to 
Grcn,  Bcrzelius,  and  Schindler.  East  Indian  zinc  contains  only  0'43  per 
cent,  of  lead  and  0*24  of  iron.  (Bonnet.)  Silesian  zinc  contains  a  large 
quantity  of  cadmium,  besides  charcoal,  lead^  iron,  and  a  very  small 
Quantity  of  copper.  (Wackenroder,  .Tansen.)  Houton  Labillardi^re  and 
G.  Barruel  {Compt.  rend.  14,  724;  als^o  .A  ;>/•.  C//(7W.  26,  383)  found  tin 
in  several  sorts  of  zinc.  Tlircc  sanii»les  of  East  Indian  zinc  were  found 
by  Wittstein  {litpcri,  f)o,  103)  to  give  the  results  a,  Z»,  c;  rf  is  an  analysis 
by  Jacquelain  (Compt,  raul.  14,  036;  also  J.  pr.  Chem.  26^298}  of  a 
sample  of  unknown  origin. 
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Commercial  zinc,  when  dissolved  in  dilute  sulphuric  acid,  leaves  a 
black  powder.  In  Silesian  zinc,  this  residue  amounts  to  2  per  cent.,  and 
consists  of  sulphide  of  lead  and  charcoal  splinters.  (Wackenroder.) 
A.  Vogcl  found  in  this  black  powder,  carbon,  sulphur,  lead,  and  iron; 
Jacquelain  found  carbon,  lead,  and  iron:  he  likewise  obtained  the  same 
residue,  but  containing  less  lea<l,  by  distilling  zinc  in  a  stream  of 
hydrogen.  G.  Barruel,  by  reducing  in  a  charcoal  crucible  the  powder 
which  remained  after  dissolving  zinc  in  dilute  sulphuric  acid,  obtained  an 
alloy  containing  58*0  p.c.  tin,  34*5  lead,  S>'5  sulphur,  with  traces  of  iron 
and  mang!inc60« 


Purification.     1.  The  zinc  is  distilled  once  or  twice  either  in 
earthen  retort  (the  neck  of  which,  however,  is  soon  stopped  up  by  the 
sublimed  zinc),  or  else  in  an  earthen  or  iron  crucible,  into  the  bottom  of 
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which  18  lated  a  tube  open  at  both  ends  and  reaching  nearly  to  the  top; 
the  mouth  of  the  crucible  is  stopped  with  a  well- fitting  cover. — Witt«tein 
(Hepert.  61,  220)  introduces  into  an  uncoated  Hessian  retort,  capable  of 
holding  from  24  to  30  ounces  of  water,  4  pounds  of  connninuted  zinc, 
heats  it  gradually  in  a  wind- furnace  covered  with  a  dome  six  feet  high — 
andy  when  the  distillation  has  begun,  which  takes  place  after  an  hour  or 
an  hour  and  a  half,  and  the  zinc  condenses  in  the  neck  of  the  retort, 
scrapes  it  out  with  a  curved  iron  wire,  while  still  liquid,  into  a  basin 
containing  water  and  placed  below  to  receive  it.  If  the  scraping  be  not 
aasidaousiy  kept  up,  the  neck  becomes  stopped  up  with  solid  zinc;  if  the 
neck  is  too  short,  some  of  the  zinc  burns  away.  This  process  yields  about 
3^  pounds  of  zinc,  still  containing  cadmium;  a  greenish  yellow  powder 
remains  in  the  retort. — Jacquelain  {N.  Jim.  Chim,  Phya.  7,  199)  distils 
the  zinc  in  a  current  of  hydrogen.  The  hydrogen  is  evolved  in  a 
Woulfe's  bottle  from  purified  sulphuric  acid,  zmc,  and  water,  and  made 
to  pass,  first  through  solution  of  potash,  then  through  two  chloride  of 
ealcinm  tubes,  then  into  a  red-hot  porcelain  tube,  in  which  are  idaced 
little  boats  or  dishes  of  porcelain  containing  the  zinc  to  be  purified,  and 
lastly  through  a  knee-shaped  tube  into  oil  of  vitriol.  The  zinc  is 
deposited  in  the  colder  part  of  the  porcelain  tube  (antimony  and  cadmium 
may  be  distilled  in  a  similar  manner). — DistiUation,  however,  does  not 
purify  the  zinc  completely,  especially  from  the  more  volatile  metals,  such 
as  cadmium  and  lead;  according  to  Berzelius  and  Dulong  {Ann.  Chim. 
Pky$,  15,  388),  the  zinc  after  distillation  contains  the  same  impurities  as 
before. 

2.  Sulphur,  either  alone  or  mixed  with  grease,  is  repeatedly  stirred 
about  with  a  stick  at  the  bottom  of  melted  zinc,  in  order  to  convert  the 
foreign  metals  into  sulphides.  The  more  briskly  the  sulphur  is  stirred 
about,  the  more  com])lete  is  the  ]>urification :  the  process,  however,  does 
not  remove  the  whole  of  the  lead  and  iron.  (Bonnet,  Schwake,  Ann, 
Fkarm.  9,  184.) 

3.  Commercial  zinc  fused  and  very  hot  is  poured  into  a  deep  bucket 
filled  with  water,  in  order  to  granulate  it  as  finely  as  possible;  1  part  of 
this  granulated  zinc  is  then  placed,  together  with  \  pt.  nitre,  in  a  crucible, 
in  such  a  manner  that  there  may  be  a  small  portion  of  free  nitre  both  at 
top  and  bottom,  and  the  whole  is  heated  in  the  furnace  till  vivid  com- 
bustion ensues.  The  crucible  is  then  taken  out,  the  slag  removed,  and 
the  zinc  poured  out.  The  zinc  thus  treated  is  free  from  arsenic  and  iron. 
(Maillet,  J.  rhnrm.  27,  025.) 

4.  To  obtain  perfectly  pure  zinc,  it  is  necessary  to  distil  perfectly 
pure  zinc-oxide  with  lamp-black  (or  charcoal)  in  a  retort,  and  free  the 
pro<Iuct  from  any  charcoid  that  may  be  mixed  with  it,  by  a  second 
di^tillation:  but  this  distillation,  on  the  small  scale,  is  attendecf  with  many 
difficulties. 

Testing.  The  hydrogen  gas  evolved  on  dissolving  the  zinc  in  pure 
dilute  sulphuric  arid  should  give  no  precipitate  when  passe<l  through 
Bolutions  of  lead,  silver,  or  gold  salts;  a  precipitate  would  indicate  the 
presence  of  sulphur  or  arsenic;  it  must  neither  yield  arsenic  spots,  nor 
depr»sit  metallic  arsenic  when  passed  through  a  rod-hot  tube  (IV.  268); 
fuming  nitric  aci<l  through  which  the  gas  has  l>een  jMissed  ought  to 
evaporate  com])leU'ly  over  the  water-bath:  sulphur,  arsenic,  or  antinumy 
would  remain  behind  in  the  fonn  of  an  acitl. — The  zinc  when  disi^olved 
in  dilute  sulphuric  acid  must  leave  no  residue.     The  resulting  solution  of 
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zinc-sulpliate,  when  8U]icrsnturato(l  with  sulphuric  acid^  must  give  no 
]irpcipitato  with  sulpliurettc<l  liydrogen  (cailmiiim,  copper,  tin);  metallic 
zinc  intniorscil  in  it  («houId  produce  no  metallic  depo.sit  (cadmiani,  tin, 
copper).  The  precipitate  which  potash  produces  in  the  fiolution  of  the 
sulphate  should  he  porfoctly  soluble  in  excess  of  the  rc-agent  (the  oxides 
of  iron,  cop])er,  and  cadmium  would  be  left  undissolved).  The  solution 
of  the  zinc  in  a({ua-re<^ia  should  ^ivc  no  precipitate  with  chloride  of 
barium, — that  is  to  say,  it  must  bo  free  from  sulphuric  acid. 

Properties.  Crystallizes  in  lon^,  regular,  six-sided  prisms.  (Nogge- 
rath,  /V///.  31),  324.)  According  to  former  statements,  it  crystallizes  in 
four-sided  prisms  and  needles.  Zinc  containing  from  3  to  4  per  cent,  of 
iron  was  found  by  Laurent  and  Holms  {Ann,  Chim,  /V/y^.  GO,  333)  in  the 
CRick.s  of  the  earthen  tubes  in  which  it  had  been  distilled,  crystallized 
in  Humibic  prisms.  ^.  Xickles  (^V.  Ann.  Chim.  Pki/s.  22,  37)  states 
that  zinc  prepared  by  Jiiequeiain's  method  of  distillation  in  a  current  of 
hyilrogon,  crystallizes  in  well-defined  pentagonal  dodecahedrons  :  hence 
it  is  dimorphous.  *'.  Zinc  has  a  broadly  laminar  texture.  It  is  mode- 
rately hard,  diiKcult  to  lile,  and  when  bent  after  fusion,  emits  a  crack- 
ling noise,  but  not  so  louil  a^  tin.  If  hammered  with  great  violence,  it 
splits  in  the  direction  of  the  cleayagc-]>lancs ;  but  by  careful  pressure, 
whereby  it  loses  its  crystalline  structure,  it  may  be  rendered  ductile,  and 
may  then  be  extended  into  thin  plates  or  wires.  According  to  Hobson 
and  Sylvester  {Gilb.  24,  104),  it  exhibits  its  greatest  degree  of  ductility 
and  malleability  at  temperatures  between  lOO"*  and  150"^ ;  at  205^,  on 
the  contrary,  it  is  so  brittle  that  it  may  be  pounded  in  a  mortar.  Hence, 
to  obtain  zinc-jdate,  or  zinc-foil,  the  metal  cast  in  a  tabular  form  is 
heated  in  a  boiling  solution  of  common  salt,  and  then  passed  between 
rollers.  To  obtain  pulverized  zinc,  on  the  otiier  hand,  the  melted  metal 
is  poured  into  a  strongly  heated  crucible,  and  the  heated  mass  strongly 
rubbed  and  stirred  witii  an  iron  ])estle  till  it  solidifies.  (Bottger,  Ann, 
Pharm.  34,  85.) — The  specific  gnivity  of  commercial  zinc  solidified  after 
fusion  is  6-80' 1  (Brission) ;  of  purified  zinc,  6-9154  (Karsten);  of  rolled 
commercial  zinc,  7*1908  (Bris^jon).  Zinc  ha«  a  bluish  grey-white  colour, 
and  a  strong  lustre.     Fuses  at  260'  (Black),  at  374^  (Morveau),  at  412"* 

fDaniell),  and  boils  at  a  white  heat.     Contracts  strongly  in  solidifying 
rom  fusion  (Marx). 

Atomic  Weif/ht.     32*26,  Berzelius ;  3309,    Jacquelain ;    33,  Favre 
{Ami,  Phaim,  48,  193). 


Compounds  of  Zinc. 

Zinc  and  OxYCtEN. 

A.  Sul-oxide  of  Zinc  1 

Zinc  exposed  to  the  air  at  ordinary  temperatures,  becomes  covered 
with  a  thin  grey  film,  which  prevents  the  further  oxidation  of  the  inner 
portions.  Zinc  heated  just  to  the  melting  point,  oxidates  still  more 
rapidly,  and  forms  a  grey  powder,  which,  however,  is  soon  converted 
into  the  white  oxide.  Berzelius  regjirds  this  grey  substance  as  a  sub- 
oxide ;  Proust,  Davy,  aud  A.  Vogel  regard  it  a«  a  mixture  of  the  metal 
and  the  oxide. 


ZINX-OXIDE. 


B.  Zinc-oxide.    ZnO. 


Oxide  of  zinc,  Pi'otoxide  of  zinc,  Zinkoxyd,  Oxydt  zincique. — JRed  zinc- 
<»t  IS  a  mixture  of  S8  parts  zinc-oxide  aiid  12  parts  mauganoso-mangaDic 
oxide. 

Formation.     Zinc  heated  to  redness  in  the  air  bums  with  a  dazzling 
bluish  and  greenish  flame^  and  fonns  zinc-oxide^  \vhich  partly  remains  in 
the  crucible,  partly  rises  up  in  the  air,  and  falls  down  again  in  largo 
flakes — Flowers  of  zinc,  i^inkbhtmen,  Floirs  zinci,   Lana  jthilosojihica, 
Nihilum  album.     When  it  has  once  taken  fire,  it  continues  to  burn,  even 
after  the  crucible  has  been  removed  from  the  furnace,  till  the  whole  is 
coDTerted  into  oxide,  provided  it  be  constantly  stirred  and  the  oxide 
removed  as  it  forms.  (Scmentini.)     Zinc  heated  in  the  air  just  to  the 
melting  point,  is  gradually  converted,  first  into  sub-oxide  and  then  into 
oxide.^2.  At  ordinary  temperatures,  zinc  remains  bright  in  dry  air.     If 
water  be  present,  the  hydratcd  oxide  is  formed;  and  if  the  air  likewise 
contains  carbonic  acid,  hydrated  basic  carbonate  of  zinc  is  produced. 
Zinc  placed  under  a  receiver  surrounded  at  the  bottom  with  water  and 
containing  air  free  from  carbonic  acid,  becomes  covered  with  drops  of 
moisture,  and  tarnished  on  the  surface  by  the  formation  of  a  whitish-grey 
film  of  hydrated  oxide.     But  if  a  piece  of  tarnished  lead  bo  ])]accd  under 
the  same  receiver,  though  not  in  contact  with  the  zinc,  the  drops  of  water 
are  deposited  only  on  the  lead,  not  on  the  zinc,  which  therefore  remains 
bright.    Under  water  which  is  in  contact  with  air  free  from  carbonic  acid, 
zinc  becomes  covered  with  hydrated  oxide  containing  7  i>er  cent,  of  water. 
Zinc  exposed  to  moist  air  containing  carbonic  aci<l, — to  the  open  air,  for 
example, — becomes  covered  with  hydrated  ba.sic  carbonate  of  zinc.     Tho 
flame  salt  is   fonned  when  zinc  is  exposed  to  the  air  under  water.    (Von 
BonsdorfF,  Po(/f/.  42,  32.'i.)    When  zinc  is  exposed  to  the  air,  under  water 
containing  3^  of  hydrate  of  pota!*h,  it  turns  grey,  and  forms  white  shining 
laminsc  of  carbonate  of  zinc  :  no  zinc  is  dissolved  in  the  water.  (A.  Vogcl, 
•/-  pr,  Chem.  14,  107.) — The   following  remarkable  observations  of  Bons- 
dorfi*  may  likewise  be  added  in  this  place.     Whenever  two  metals  are 
placed — not  in  contact  with  each  other — under  a  bell-jar  containing  air 
and  closed  at  the  bottom  with  water,  only  the  more  oxidable  metal  is 
bedewed,  and  therefore  oxidated  :  c.f/.  arsenic  or  lead  placed  in  a  moist 
atmosphere  near  copper  or  silver.     Copper  or  silver  placed  alone  under 
the  bell-jar  condenses  the  dew  on  its  surface.     The  contrary  eflect  takes 
place  if  the  metals  are  in  contact :  thus,  when  copper  is  in  contact  with 
zinc,  the  copfKjr  alone  is  bedewed;  when  copper  is  in  contact  with  silver, 
the  condensation  of  moisture  takes  place  only  on  the  silver. — Zinc  does 
not  decompose  pure  water  at  ordinary  temperatures;  but  at  a  red  heat 
or  in  presence  of  acids  dt  alkalis,   tho  decomposition  takes  place.     Zinc 
sealecf  up  in  a  glass  tube  together  with  water  deprived  of  air  by  boiling, 
remains  bright  for  years.  (Bont-dorff,  Houtiurny,  ^-Inn.  de  Ilug.  pubL  17, 
290.)     It  does  not  docom])ose  pure  water,   oven  on  boiling;  and  even 
when  placed  in  contact  with  copper,  it  does  not  decompose  pure  water, 
but  only  water  containing  a  salt.  (J.  Davy,  A'.  Ed.  Phil,  J.  17, 47.)    When 
vapour  of  water  is  ]>asj-e<l  over  zinc  at  a  low  red  heat,  hydrogen  gas  is  set 
free,  and  small  cry^^tals  of  zinc-oxide  are  de]>osited  upon  the  metul  :  if 
tho  zinc  is  strongly  ignited,   tho  oxide  sublimes  on  tho  tube  in  small 
ahining  crystals.  (Kegnault,  Ann.  Chim,  Phys,  62^  350.)     If  tho  zino  is 
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of  zinc;  eo  that  tho  solution,  when  acidulated  with  sulphuric  aoid^ 
gives  no  precipitate  with  sulphuretted  hydrogen,  and  consequently  the 
treatment  with  that  liquid  may  be  dispensed  with.  Tho  cadmium^  tin, 
lead,  and  copper  may  likewise  be  precipitated  in  the  metallic  state  by 
leaving  the  solution  of  the  zinc-sulphate  for  8ome  time,  cither  warm  or 
oold,  in  contact  with  metallic  zinc,  or  by  1>oiling  it  with  that  metal  (Dalk, 
£€rL  Jahrb,  24,  2,  74;  Horst,  Br.  Arch.  7,  75;  Wackenroder)  :  in  all 
cases,  however,  a  portion  of  tho  solution  thus  purified  should  be  mixed 
with  excess  of  sulphuric  acid,  then  sjLturated  with  sulphuretted  hydrogen, 
and  left  to  itself  for  a  few  days.  If  a  precipitate  is  thereby  produced, 
the  whole  of  the  solution  must  be  treated  with  sulphuretted  hydrogen. 

It  still  remains  to  scparato  any  iron,  cobalt,  nickel,  or  manganese  that 
may  be  present.  If  the  object  in  view  is  tho  preparation  of  pure  zinc- 
salphate,  the  {solution  is  first  freed  from  a  portion  of  the  metals  just 
mentioned,  and  likewir^e  from  tho  excess  of  acid,  by  evaporating  and 
cooling,  and  then  decanting  tho  mother-liquid  from  the  crystals.  Tho 
crystals  are  then  re-di.^.solve<l  in  water;  -^^  of  tho  solution  mixed  with 
carbonate  of  soda  to  precipitate  carbonate  of  zinc;  tiie  precipitate,  after 
thorough  washing,  difi'u^sed  through  tlio  rest  of  the  solution;  and  chlorine 
gas  passed  through  the  liquid,  which  must  be  constuntly  agitated,  till  a 
large  portion  of  the  zinc-carbonate  is  dissolved,  and  the  rest  has  acquired 
a  brownish  colour  from  admixture  of  sesquioxide  of  iron  and  the  peroxides 
of  manganese,  cobalt,  and  nickel.  The  liquid  is  then  set  aside  for  some 
time  in  a  warm  place  and  frequently  agitated — afterwards  mixed  with 
sulphuric  acid,  because  a  ba^ific  salt  has  been  formed  in  tiio  preceding 
process;  then  evaporated  to  tho  crystallizing  point,  and  the  crystals  freed 
by  re-crystallization  from  adhering  chloride  of  zinc.  The  same  end  may 
be  attained  by  the  following  methods: — Veltmann  (/icr^.  Jakt*b,  29,  1, 
59)  mixes  the  solution  of  zinc-sulphate  with  chlorine- water  (which,  how- 
ever, re<iuin^s  the  use  of  large  vessels),  and  adds  zinc-oxide  to  it. 
Schindler  {Mag.  Pharm.  26,  74)  saturates  tho  dilute  solution  with 
chlorine  (a  concentnited  solution  does  not  absorb  enough)  and  then 
digests  it  with  zinc-oxide.  Bonnet  {Ann,  Pkarnu  9,  165)  precipitates 
carbonate  of  zinc  from  a  portion  of  the  solution,  washes  it,  diffuses  it  in 
water,  passes  chlorine  gas  through  the  li<(ui(l,  and  mixes  the  resulting 
oxychloride  of  zinc  with  the  rest  of  the  solution.  If,  on  the  other  hand, 
the  prepanition  of  pure  zinc-oxide  from  the  solution  be  the  only  object  in 
view,  the  liquid  is  mixed  with  a  quantity  of  carbonate  of  soda  sutticient 
to  produce  a  copious  precipitate;  chlorine  gas  passed  through  it,  with 
agitation,  till  the  greater  part  of  tho  precipitate  is  dissolved;  and  the 
solution  filtered.  (Grove,  Br.  Arch.  22,  40;  Wackenroder.)  Or,  tho 
solution  of  zinc-sulphate  is  mixed  with  chloride  of  soda,  then  left  to  itself 
for  24  hours,  and  carbonate  of  soila  cautiously  added  till  a  perfectly  white 
precipitate  l>egins  to  form.  (Jansen,  Jlatj.  Pkann,  26,  74;  Herberger, 
Jiepert.  48,  382;  Frederking,  Repert.  5^y  72.)  The  chloride  of  soda  must 
be  prepared  with  carbonate  of  soda  and  chlorine  gas,  not  with  carbonate 
of  boda  and  chloride  of  lime,  because  in  that  case  it  might  contain  lime. 
Hermann  {JSchw.  46,  249)  mixes  the  solution  with  chloride  of  lime  con- 
taining excess  of  lime;  evaporates  the  li«juid  to  the  crystallizing  point; 
separates  the  crystals  from  the  mother-licjuid,  which  may  still  contain 
cobalt  and  nickel;  dissolves  them  in  the  smallest  possible  quantity  of  cold 
water,  and  filters  to  separate  gypsum.  Zinc  oxide  thus  prepared  may 
contain  limo  and  magnesia,  because  tho  gypsum  may  not  be  completely 
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scpnmtcd,  and  the  lime  used  in  preparing  chloride  of  lime  often  contBiDB 
inairnoin.  (Grcvc,  Vfltniaiin,  Wackenroder.) 

Tliere  aro  likewise  a  few  methods  of  purification,  cbicfiy  directed 
towards  the  pe|ianiti(iii  of  iron.     The  {solution  mixed  with  carbonate  of 
zinc  is-  expnsetl  ti>  the  air  for  several  months  till  the  iron  is  completely 
preeij»itate«L  (Martins,  lifpert.  41.  203;  Clamor-Marquart,  Ann,  Pharm, 
7,  20.)     The  t!(fliiti<»n  is  hoileil  with  zinc-oxide.  (Geigcr.)     Since  the  pPD- 
ci]^itation  of  the  iron  depend.s  upon  its  conver:^ion  from  protoxide  into 
6es(juioxide  by  the  oxytren  nf  the  air,  it  wouhl  be  necessary,  in  applying 
thitj  nietliod,  to  heat  tiio  solution  for  a  lont^  time,  and  in  that  case  basic 
sulpliate  of  zinc  wouhl   he  formed.  (WackenrcKler.)     A  solution  of  16 
parts  of  ziur.^ul]diate  is  Imiled  with  1  part  of  nitric  acid,  till  it  is  reduced 
to  a  thlrki.sh  mass;  then  ro dissolvetl  in  water,  boiled  with  1  or  Ij^  pt,  pure 
zinc-oxiile,  and   liltcro«l.    (TroninisdorlV,   Tmn^hotb,  1823,  1.)     It   is  not 
easy  to  oxidize  the  in^n  completely;    the  tiltnito  contains  basic  zinc- 
t^ulphato  whirh  must  he  re-eouverted  into  monosulphate  by  the  addition  of 
a  small  4{uantity  of  sulphuric  aeid.  (Sehiudler.)     9  i>arts  of  crvstallized 
zine-suljdiate  are  healed  in  a  crucible  with  1  part  of  nitre,  gently  at  first 
— thouj  after  the  water  of  crystallization  has  been  driven  off,  to  strong 
redness — and  kept  at  that  heat  till  a  portion  dissolved  in  water  yields  a 
filtrate  free  from  iron :  the  whole  is  then  dissolved  in  water  and  filtered. 
(Bucholz,  Phann,  Jinriiss,)     Artus  (./.  pr.  Chem,  26,  508)  mixes  50  parts 
of  finely  jiowdered  zinc  sulphate  very  intimately  with  1  part  of  nitre; 
heats  the  mixture  in  a  crucihle,  stirrin«r  it  all  the  while  with  a  porcelain 
spatula,  till  it  is  dry;  then  raises  the  heat  somewhat  higher;  afterwards 
dissolves  in  hot  water;    filters  to  separate  oxide  of  iron,  and  boils  the 
filtrate  for  a  short  tinit*  with  purified  charcoal  to  separate  any  manganese 
that  may  be  present.     Gei;;er  recommends  igniting  the  zinc-vitriol  with 
-y\j  nitrate  of  zinc-oxide  or  l)aryta;  if  the  latter  salt  bo  used,  strong  ignition 
\H  necessary.     Da  Ik  mixes  the  .solution  of  zinc-snlphatc  with  infnsiou  of 
galls,  and  exp(>ses  it  to  the  air  in  a  basin  as  long  as  a  violet  film  continues 
to  form  nj>0M  it;  then  evaporates  to  dryness,  dissolves,  and  filters.     To 
remove  the  excess  of  tannin,  AVittstcin  {lUpert,  65,   218)  digests  the 
filtrate  for  24  hours  with  recently  ignited  charcoal;  and  Walcker  (Ann, 
P/iarm.  4,  84)  precipitates  it  by  boiling  with  white  of  egg.     A  solation 
of  4  ])arts  zinc- sulphate  in  20  water  set  aside  for  5  days  in  contact  with 
recently  ignitetl  wood-charcoal  deposits  all  the  iron  it  contains  upon  the 
charcoal.  (Stickel,  Wittstein.) 

It  has  likewise  been  j»roj)osed  to  dissolve  zinc  in  hydrochloric,  nitric, 
or  acetic  acid,  and  then  purify  the  soluticm  in  a  similar  manner. 

\  Defferrc  (J.  Phann.  5,70)  dissolves  125  parts  of  zinc  in  500  parts 
of  hydrochloric  acid — then  adds  8  parts  of  nitric  acid,  and  warms  the  liquid 
to  oxi<lize  the  iron;  evaponitcs  to  dryness;  dissolves  the  residue  in  water; 
leaves  the  solution  for  24  hours  in  contact  with  8  parts  of  carbonate  of 
lime,  and  filters.  The  clear  liquid  is  precipitated  while  hot,  by  gradually 
adding  dilute  ammonia  as  long  as  any  precipitate  continues  to  form,  the 
solution  retains  but  very  little  zinc-oxide,  and  the  precipitate,  after 
thorough  washing,  contains  scarcely  a  trace  of  any  other  salt.  ^ 

h,  PrecipUaiion  of  the  purined  Zinc-solnthm, — The  solution  is  boiled 
in  a  porcelain  ba^in,  and  carbonate  of  soda  added  in  small  i>ortions  till 
slightly  in  excess;  the  boiling  is  then  continued  for  a  time,  in  order  that 
the  prccipitiite  may  aggregiite  moro  closely.  Or,  a  dilute  solution  of 
1  At.  zinc-sulphate  is  precipitated,  in  the  cold  and  with  agitation,  by  a 
solution  of  somewhat  less  than  1  At.  carbonate  of  soda,  the  filtering  being 
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dderred  for  some  time  in  order  that  the  gelatinous  precipitate  may 
become  pulveralent.     Another  method  is  to  boil  a  solution  of  9  parts  of 
eiystallized  carbonate  of  soda  in  a  clean  copper  vessel,  and  cause  a  solu- 
tion of  2   parts  of  zinc  to  flow  into   it  in   a  thin  stream— the  soda- 
•olation  being  constantly  stirred— so  that  the  liquid  may  not  boil  over 
from  escape  of  carbonic  acid,  nor  the  undecomposed  zinc-solution  come  in 
contact  with  the  copper  vessel.     The  precipitate  is  easy  to  wash,  and  is 
free  from  soda,  provide<l  the  boiling  has  been  kei)t  up  during  the  whole 
time  of  mixing.  (Schindler.)     If  any  i>ortions  of  so«la  and  sulphuric  acid 
are  carried  down  with  the  precipitate,  the  greater  part  may  be  removed 
by  boiling  for  awhile  after  precipitation,  but  not  all.  (Wackenroder.) 
If  the  ziuc-solution  be  precipitated  by  carboiiato  of  so«hi  in  the  cold,  an 
excess  of  the  latter  must  be  avoided,  asj  otherwise  the  precipitate  will 
retain  its  gelatinous  character  even  after  long  standing,  and  will  contain 
considerable  quantities  of  soda  and  sulphuric  acid.     For  1  part  of  zinc- 
▼itriol  dissolved  in  20  parts  of  water,  1  part  of  crystallized  carbonate  of 
Boda  dissolved  in  10  parts  of  water  is  sufKcient.     The  two  solutions  are 
mixed  at  once,  and  rajudly  stirred ;  the  trans|>arent  jelly  thereby  pro- 
doced  is  converted  in  the  course  of  24  or  3G  hours,  with  evolution  of  gas, 
into  a  loose  powder  which    is  easy  to  wash.     Acid  carbonate  of  zinc 
remains  in  solution,  to>rether   with  any  lime  and   niagncj'ia  that   may 
perchance  be  present.     The  oxide  obtained  by  ignition  from  the  carbonate 
precipitated  in  the  cold  exhibits  a  fainter  tinge  of  yellow  than  that 
prepared  from  carbonate   precipitated   from   hot  solutions.    (Schindler^ 
Wackenroder.)     The  zinc-solution  may  likewise  be  mixed  in  the  cold 
with  carbonate  of  ammonia,  till  the  liquid  is  perfectly  neutral.     The 
precipitate,  like  that  produced  by  cold  carbon.ate  of  soda,  contains  but  a 
trace   of  sulphuric   acid.     The  precipitate  obtained  with   carbonate  of 
ammonia  in  a  hot  solution,  contains  a  considemble  (juantity  of  sulphuric 
acid.  (Wackenroder.)     Precij)itation  by  caustic  ammonia,  potash,  or  soda, 
does  not  give  good  results;  if  too  small  a  quantity  of  the  alkali  be  used, 
a  basic  salt  is  precipitated;  with  a  larger  (piantity,  the  precipitate  is 
liable   to   be   contaminated    with  an   alkaline   salt,   and   a   still   larger 
quantity   completely   re-di.ssolves   it.      The   precii»itated   zinc-carbonato 
is  washed  partly  by  subsidence  and  decantation,  j)artly  by  ])res.<ure.  and 
lastly  on  the  filter.     The  dried  precipitate  is  gently  ignited  in  a  covered 
earthen  crucible. — The  most  direct  mode  of  obtaining  pure  zinc-oxido 
would  be  to  precipitate  pure  nitrate  of  zinc  by  carbonate  of  ammonia,  and 
ignite  the  precipitate. 

Ttsthtt/  of  the  ZinC'f xiile,^'Y\\ii  oxide  j>roparcd  by  (1)  should  bo 
white;  that  obtained  by  (2)  white,  with  a  faint  tinge  of  Icnion-yellow. 
A  brownish  white  tint  indicates  the  j)resencc  of  foreign  metallic  oxi<lcs; 
pure  whiteness  an<l  considerable  density  in  the  oxide  (2)  shows  tho 
pn^encc  of  sulphuric  aci«l,  chlorine,  and  soda. —  1.  J/itaific  zinc:  Kvo- 
lution  of  liyilrogen  on  holution  in  acids. — 2.  Siffplt uric  acid  or  chlorine: 
The  solution  of  the  oxide  in  nitric  acid  gives  a  precipitate  with  chloride 
of  barium  or  nitnite  of  silver. — 3.  t<oda:  May  be  extracted  by  water, 
partly  in  combination  with  sulphuric  or  hydrodiloric  acid. — 4.  Jjime  and 
Jfat/nesia :  The  solution  of  the  oxide  in  hydrochloric  acid,  when  preci- 
pitated by  hydrosulphato  of  ammonia  ancf  filtered,  yields  chloride  of 
calcium  or  magnesia,  on  evaporation  and  ignition. — .'5.  tSilica:  From 
crude  potash,  when  that  substance  is  used  for  the  precipitation,  or  from 
the  cracible.    Left  behind  on  dissolving  tho  oxide  in  hydrochloric  acid. — 
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6.  Se$qrnoxide  of  Manganese:  Partly  left  behind  wben  the  Einc-oxide  » 
dissolved  in  dilute  nitric  acid.  Pruduccs  a  green  colour  when  ignited 
with  carbonate  of  soda  and  nitre. — 7.  iSes'juioxiiie  of  Iron:  The  solution 
in  hydrochloric  acid  ifivcH  a  red  colour  with  sulphoc3ranide  oi  potassium, 
and  cxliibits  the  other  reactions  of  ferric  salts. — 8.  Oxide  of  Lead:  Boiling 
carbonate  of  soda  extnicts  this  oxide  almost  completely;  the  filtrate 
blackens  on  the  adilition  t)f  hydrasiilphuric  acid,  and  then,  on  the  addition 
of  an  acid,  gives  a  j)rccipitnte  of  sulphide  of  lead.  The  oxides  of  copper 
and  cadmium  remain  undissolved  in  this  process. — The  solution  of  the 
zinc-oxiilo  in  liydDchloric  or  nitric  acid  gives  a  precipitate  of  load- 
sul]>liatc  (m  the  addition  of  a  lar^^e  <[uantity  of  sulphuric  acid. — 9.  Oxides 
of  Vadminm  iunl  Coppf-r:  The  lie  pi  id  tiltered  from  the  lead-sulphate,  or 
the  hydn)chloric  ac-itl  solution  of  the  zinc-oxide  freed  from  lead  by  lioiling 
with  carbcmato  of  soda,  chives  with  hydrosulphuric  acid,  a  yellow  or  brown 
precipitate,  which  nuKt  In*  further  examined. — 10.  Oxide's  of  Xickel  and 
C'tfff/f, — See  the  methods  of  Berzelius  and  Ullgren.  {Ja/we^j.,  21,  22, 
14.')  and  I4r>.) 

Sublimed  and  mostly  impure  zinc-oxide  is  occasionally  obtained,  in 
the  form  called  Furnace-atfuminef  Cadmia  fornacnm,  Tatia,  or,  when  it 
is  whiter,  Pomphofi/.r,  in  the  prepaniti«in  of  bniss  and  in  the  smelting  of 
zinkiferous  ores  in  the  smeliinir-funiace,  in  the  shaft  of  which  it  collects. 
A  furnace-calami  no  from  an  iron-smelting  furmico  examined  by  Antlion 
(J.  pr.  (Jhem.  9,  4),  waj?  found  to  contain  zinc-oxide  74*f),  lime  1*7, 
ferric  oxide  13'1),  lead-  and  cadmium-oxide  0'8,  silica,  with  a  small 
portion  of  cobalt-oxide  2 '5,  quartz  a<lvontitiously  mixed  4*3  (loss  1*9). 

Propnihs.  Crystalline  system,  the  hexagonal.  J^i'd  zinc-ore  oc^^nrs 
in  six-sided  prisms,  of  specific  gravity  G'2.  (Vernon.)  In  furnace- 
calamine,  Koch  found  crystals  having  the  forms  of  /V//^.  131  (some  more 
obtuse,  others  more  acute),  132,  13'>,  137,  and  138. — At  the  zinc-smelting 
works  at  Filisur  in  the  Orisons,  there  are  found  sublimed  in  the  upper 
parts  of  the  crucibles  in  which  the  zinc  is  melted,  amber-coloured,  trans- 
parent, hard,  shininir,  six-sided  prisms  {Fitjs.  135  and  138),  which  have  a 
density  of  GO,  yield  a  white  powder  becoming  yellow  when  heated,  and 
consist  of  zinc-oxide  with  a  trace  of  sulphide.  (Vernon,  Phil.  Mag, 
Ann.  7,401). — In  the  cracks  of  the  earthen  tubes  in  which  zinc  is  dis- 
tilleil,  Laurent  and  Holms  {Ann.  (-him.  Phi/s.  60,  333)  found  microscopic 
six-sided  prisms.  When  1  i»art  of  zinc-oxiile  is  heated  to  commencing 
rt'dness  with  from  4  to  C  parts  of  jjotash- hydrate,  and  the  product 
exhausted  with  water,  dluiry  yellow  needles  of  zinc-oxide  are  left  behind. 
(Becqnerel,  Ann.  (him.  P/tt/s.  51,  105.) — Specific  gravity  of  zinc-oxide 
=5  ()*00  (().  Boullay),  5-7.'M4  (Karsten).— l  Acconling  to  Brooks  (Pogg. 
74,  430)  the  specific  gravity  of  ]>ure  crystallize«l  zinc-oxide  is  between 
5*61  and  5'().i. — Crystalline  zinc-oxide,  deposited  in  an  earthen  retort 
nsecl  for  the  distillation  of  zinc,  was  found  by  W.  and  T.  Henipath  to  bo 
aggregatcil  in  acuminated  masses  of  small,  shining,  transparent  crystals, 
wiiich  appeared  to  be  right  rhombic  j>risms;  their  sj)ecific  gravity  was 
5'53.  When  treated  with  acids,  they  yielded,  without  elfervescence, 
from  88*5  to  92  per  cent,  of  zinc-oxide,  and  an  insoluble  crystalline 
residue  consisting  of  ZnO,  SnO".  [Clutn,  Soc.  Qa,  «/.,  I.  42.)  H 

The  oxide  prejiared  by  (1)  has  the  form  of  white  flakes,  or,  after 
levigation,  that  of  a  white  ])Owder  The  oxide  prepared  by  (2)  is  a 
white,  loosely -coherent  powder,  having  a  slight  tinge  of  Icmon-ycUow. 
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Both  varieties  acqairo  a  lemon-yollow  colour  when  heated,  but  lose  it 
affain  on  cooling.  The  clianp^e  of  colour  is  not  accompanied  either  by 
absorption  or  by  evolution  of  oxygen.  The  ycllowisli  tint  which  the 
second  Tariety,  whether  it  bus  becu  gently  or  strongly  ignited,  exhibits 
in  the  cold,  is  sometimes  attributed  to  the  presence  of  foreign  oxides.  It 
isy  however,  exhibited  even  by  the  perfectly  puro  oxide;  and,  if  the  oxide 
formed  by  the  combustion  of  zinc  be  dissolved  in  acids,  precipitated  and 
iffnited  (Jansen),  or  dissolved  in  nitric  acid,  evaporated  and  ignited 
(Schindlor),  it  likewise  acquires  this  yellow  tinge;  in  fact,  the  oxide  pre- 
pared by  precipitation  and  ignition,  and  which  is  probably  less  dense 
than  the  other  variety,  appears  to  pos.sess  this  colour  as  an  essential 
character. — The  carbonate  precipitated  from  cold  solutions,  yields  on 
ignition,  a  ligliter  oxide  than  that  which  is  precipitate<l  hot;  and  this 
lighter  oxide  acquires  a  brighter  yellow  colour  by  ignition;  if  on  the 
contrary,  the  oxide  is  denser  from  the  prescmcc  of  sulphuric  acid,  chlo- 
rine, and  soda,  it  does  not  exhibit  this  tinge  of  yellow  when  cold. 
(Wackenroder.) — The  oxide  (2)10*08  its  yellowish  tint  by  strong  ignition 
on  platinum.  (Schindler.) — Zinc-oxide  omits  a  strong  light  in  tho  blow- 
pipe flame.     It  is  volatile  at  a  strong  white  heat. 
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Decompositions,  By  potassium,  at  a  gentle  heat,  and  without  com- 
bustion. By  charcoal  at  a  strong  red  he-at,  yielding  zinc  vapour  and 
carbonic  oxide  gas.  If  the  zinc-oxide  is  in  excess,  carbonic  acid  gas  is 
likewise  formed.  (Gm.)  By  carbonic  oxide  gas,  with  difficulty,  yielding 
line  and  carl>onic  acid  gas.  (l)ulong,  De.spretz,  Ann,  C/iim,  Phys,  43^  22:^; 
also  Poffth  18,  l;)9;  Gm.)  By  hydrogen  gas,  with  great  ditficulty,  yield- 
ing metallic  zinc  and  water.  (Dc.^protz,  Wackenroder,  Gm.)  By  sulphur, 
the  products  being  sulpiiido  of  zinc  and  sulphurous  acid. 

Combinations.^ a.  With  water. — IIvdkate  op  Zinc-oxide,  or  Zinc- 
UYDRATK. — Ignited  zinc-oxide  immersed  in  water  does  not  enter  into 
combination  with  it.  (Wackenroder.) — Preparation.  1.  When  zinc  in 
contact  with  iron  is  immersed  in  aqueous  ammonia  for  eight  days,  and  the 
evolved  hydrogen  allowed  to  escajie  through  a  gas-delivery  tube,  there 
arc  deposited  on  the  zinc  and  on  the  sides  of  the  glass,  small,  tninspnront, 
colourless,  rhombic  ])rism.'s,  whicii  have  a  glassy  lustre,  are  permanent  in 
the  air,  and  leave  ziuc-oxi<lc  when  ignited.  (Schindler.)  Nickles  h:is  like- 
wise found  that  hydrated  zinc-oxide  crystiUlizes  in  right  rhombic  prisms. 
(*V.  Ann,  ('him,  Phifs,  22,  31.) — 2.  Nitrate  of  ziiic-oxide  is  precipitated 
by  an  insufUcient  quantity  of  potash,  and  the  light,  ilocculent  ])recipitate, 
Vit'^licd  till  the  water  no  longer  dis.solves  out  any  zinc- salt.  (Bonnet.)  If 
an  excess  of  pot:i.sh  i.s  used,  the  precipitate  contains  potash.  Sulphate 
and  hydrochlorato  of  zinc-oxide  yield  an  impure  hydrate.  (Bonnet.) 
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OytUUised.  Schindler  (1. 

ZnO 40-2       ....       Bl-n  81-62 

HO    90      ....       18-29  18-38 


ZnO.  HO    49-2       ....     10000         10000 

b.  With   Ariil.a,  formiii;^  the  Salts  of  Zinc-oxide  or  Zi>x-salts. 
The  afliiiity  of  zinc-ox i<lc  for  acids  is  considerable.     The  salts  are  colonr- 
lcH.<,  unlc>?«  the  aci«l  itself  is  coloured.     They  arc  mostly  soluble  in  water; 
the  I'dlutions  redden  litniii.*^)  and  have  a  disatj^reeable,  rough,  and  somewhat 
fcrrujijinons  taste.      Tliey  exert  an  emetic  action.     When   ignited,  they 
give  up  all  their  acid,  ])rovided  it  i.s  volatile;  the  sulphate,  however,  gives 
up  its  acid  with  diiticulty.    They  produce  a  white  deposit  on  charcoal  in  the 
inner  blowpi]re  flame;  when  moistened  with  nitrate  of  cobalt  and  ignited, 
they  yieltl  a  green  resitluc. — Free  hy<lrosulphuric  acid,  added  to  a  solution 
of  zinc-oxide  in  the  weaker  acid.x,  .<uch  as  acetic  acid,  precipitates  the  whole 
of  the  zinc  in  the  form  of  white  hydrated  sulphide;  from  solutions  of 
zinc-(»xidc   in  the  stronger  acid.'*,  such  as  sulphuric,  nitric,  and  hydro- 
chloric acid,  .sulphuretted  hydrogen  ]>recipitates  nothing,  if  the  acid  is  in 
great  excess,  and  only  a  portion  of  the  zinc,  if  the  acid  is  not  in  excess. 
IIydrosuli)hatc  of  ammonia  precipitates  zinc-salts  complcti*ly;  the  pre- 
cipitated zinc-sul])hide   is   in.soluble  in    hydrosulphate  of  ammonia,  and 
likewi.so  in  cau.stic  ammonia,  pota^h,  and  f'oda,  and  their  carbonates,  and 
only  slightly  soluble  in  acetic  acid.     With  1  part  of  zinc  in  the  form  of 
sulphate  dissolved  in  10,000  parts  of  water,  hydrosulphate  of  potash  still 
gives   flakes;  in  20,000  parts  of  water,  only  a  faint  opalescence.  (Las- 
sjiiirne.) — Caustic  alkalis  throw  down  a  white  gelatinous  hydrate  of  zino- 
oxide,  soluble  in  excc-^s  of  ammonia,  potash,  and  soda.     The  alkaline 
solution  thus  formed  gives  a  white  precipitate  with  hydrosulphuric  acid; 
but  the  preci]>itation   is  not  complete  till  after  some  time. — Zinc-salta 
di.ssolved   in  water  give,  with  carbonate  of  ammonia,  a  white  gelatinous 
precijiitate  of  carbonate  of  zinc-oxide,  soluble  in  excess  of  the  re-agent; 
with  carbonate  of  potash  or  soda,  they  form  a  similar  precipitate,  which, 
however,  is  insoluble  in  excess  of  tho  re-agent,  but  is  dissolved  on  passing 
chlorine  through   the  liquid.      If  the  zinc-solution   is  mixed  with  sal- 
ammoniac,  cjirbonatc  of  potash  or  soda  gives  a  precipitate  only  after  long 
boiling.  (H.  Ho.se.)     A  solution   of  zinc- vitriol,  containing  only  1  part 
of  zinc  in  10,000  part^  of  water,  still  gives  slight  flakes  with  carbonate 
of  potash   or  soda;  with  20,000  part.-n  of  water,  the  precipitate  appears 
after  some  time  only.  (Lassaigne.)     Bicarbonate  of  potash  or  soda  pre- 
cipitates zinc-salts  with  copious  evolution  of  carbonic  acid. — Zinc-salts 
arc  not  precij)itatecl  by  carbonate  of  lime  (Fuclis,  /Sc/hp.  0*2,  191);  the 
carbonates  of  baryta,  strontia,  lime,  and  magnesia,   do  not  precipitate 
them   at    ordinary   t^*mperatures,    but    completely   at    a    boiling    heat. 
(Demar^ay,  Ann.  Pharm.  11,  240.) — Phosphate  of  soda  gives  a  white 
precipitate,  soluble  in  ammonia  and  in  pota.sh. — Oxalic  acid  precipitates 
zinc-oxide  in  the  form  of  a  white  oxalate,  and,  according  to  Thomson,  the 
precij)itation   is  com])lete.     If  the  solution  is  very  dilute,  the  turbidity 
doe.s  not  appear  till  after  some  time.  (II.  Rose.)     The  precipitate  is  pro- 
duced, even  when  the  zinc-salt  contains  a  largo  excess  of  acid,  provided 
it   be   considerably   diluted.       Tho    precipitated    oxalate    is   soluble   ia 
ammonia  and  in  potash. — Zinc-salts  give,  with  ferrocyanide  of  potassium, 
a  white  gelatinous  precipitate,  and  with  the  ferricyanide,  a  yellowish  red 
preci])itate,  both  soluble  in  hydrochloric  acid:   1  part  of  zinc  in  the  form 
of  sulphate^  dissolved  in  10,000  parts  of  water,  gives  a  slight  turbidity 
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vith  ferrocyanide  of  potassium;  in  20,000  parts  of  water,  a  very  slight 
tnrbiditj;  with  the  same  quantity  of  salt  in  80,000  parts  of  water,  the 
turbidity  does  not  appear  till  after  5  or  10  minutes.  (Lassaigne.) 
Tincture  of  calls  precipitates  the  basic  salts  of  zinc,  or  those  wiiicn 
contain  a  weak  acid,  even  when  the  solutions  are  very  dilute.  (Scliindlcr.) 
Zinc-salts  are  not  precipitated  by  heavy  metals,  or  by  sulphite  of 
ammonia. — Those  zinc-salts  which  are  insoluble  in  water,  dissolve  in 
hydrochloric  acid  and  in  a  hot  aqueous  solution  of  sal-ammoniac. 
c.  With  alkalis  and  with  certain  oxides  of  the  heavy  metals. 


C.  Peroxide  op  Zrxcl 

Th6nard  (Ann.  Clam,  PJiys.  9, 55)  obtained  this  compound  by  treating 
hydrated  zinc-oxide  with  aqueous  peroxide  of  hydrogen  at  0^  It  forms 
a  gelatinous  mass,  which,  even  at  ordinary  temperatures,  and  still  more 
at  100^  gives  off  oxygen  gas,  and  dissolves  m  acids,  forming  a  salt  of  zinc- 
oxide  mixed  with  peroxide  of  hydrogen.  Possibly,  a  compound  of  zinc- 
oxide  with  peroxide  of  hydrogen. 

Zinc  and  Hydrogen. 

A.  Hydride  of  Zinc1—{Vid.  Ruhland,  Schw.  15,  418.) 

B.  Zincuretted  Hydrogen  Gas  ? — Vauquelin  obtained  this  gas  by 
igniting  4  parts  of  roasted  blende  with  ]  part  of  charcoal  powdor — 
Colonrless,  lighter  than  air,  heavier  than  hydrogen.  Has  a  faint  but 
unpleasant  odour.  When  set  on  fire  by  a  flaming  body,  it  burns  in  the 
air  with  a  bluish  and  yellowish  white  flame,  forming  white  clouds  of 
zinc-oxide,  and  depositmg  a  small  quantity  of  metallic  zinc.  When 
mixed  with  chlorine,  it  explodes  by  contact  with  flame,  producing  hydro- 
chloric acid  and  chloride  of  zinc.  Not  decomposed  by  nitric  acid  or  by 
easily  reducible  metallic  salts.  Not  absorbed  by  water.  Does  not  combine 
with  salifiable  bases. 


Zinc  and  Carbon. 

A.  Carbide  of  Zinc  ? — Nearly  all  the  zinc  of  commerce  contains  carbon. 
-^The  black  powder  which  is  left  behind  in  the  distillation  of  cyanide  of 
line,  and  which,  when  thrown  on  red-hot  coals,  burns  and  furms  oxide  of 
zinc,  is  regarded  by  Berzelius  as  carbide  of  zinc. 

B.  Carbonate  op  Zinc-oxide  or  Zinc-Carbonate, — Carbonate  of 
Zinc* — Ignited  zinc-oxide  does  not  absorb  carbonic  acid  from  the  air 
(Schindler);  but  if  carbonic  acid  gas  be  pasised  through  ignited  zinc-oxide 

♦  The  longer  terms,  carbonate  of  zinc-oxide,  nitrate  of  silver-oxide,  &c.,  are  those 
which  accord  most  strirtly  with  the  ret.'eived  nomenclature  of  the  alkaline  salts,  such  as 
carbonate  of  soda,  nitrate  of  lime,  &c. ;  the  shorter  terms,  zinc-carbonate,  silver-nitrate, 
Slc,  are  convenient  abbreviations  of  them.  Hie  more  ordinary  terms,  carbonate  of 
sine,  nitrate  of  silver.  Sec,  though  not  strictly  correct  in  point  of  form,  are  nevertheless 
convenient  in  the  case  of  metals  which,  like  zinc,  lead,  and  silver,  have  but  one  oxide 
which  forms  salts.  [W.] 
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diffused  tlirouL'li  water  in  snch  quantity  as  to  form  a  semifluid  mixture, 
tli«'  (ixido  takes  up  4'"i8.>  per  cent,  of  carbonic  acid  and  8*347  water. 
(Waekenroder.) 

a.  (htolHtaic. — Obtained  by  biiilin^  octobanic  sulphate  of  zinc-oxide 
with  nipirous  earbonate  of  8o«hi.  —  h.  Quadrohasic.  —  By  boiling  the 
quadn»baiiic  bulpliatc  with  carbonate  of  aoda.  (Schindler.) 

a.  Schindler. 

8ZnO   88-94  88-92 

(•()- 6-08  6-11 

2IIO  4-98  4-97 


HZm(),(:0-  +  2A4 10000         100-00 

b.  Schindler. 

4ZnO    160-8  ....  8008  80-00 

CO-   :>20  ....  10-96  11H)1 

2HO 180  ....  8-96  8-99 


4ZnO,CO-  +  2A(| 2U0-8         ....       10000         100-00 

c.  With  2  At.  a^'l'l  to  i)  At.  Imse, — This  is  probably  the  composition 
iii  Zinc-hhiom. —  1.  PhmIiummI  when  zinc  covered  with  water  is  exposed  to 
the  air.  (Ronsdurfr.) — 2.  Wln^n  a  zinc-.-^alt  is  precipitated  by  monocar- 
bonate  of  annnonia.  potash  or  Hoda.  In  this  reaction,  carbonic  acid  is 
set  froe;  and  if  the  solution.**  arc  cohl,  a  quantity  of  zinc-oxide  is  dissolved 
by  it  in  the  form  of  aciil  carbonate,  grt^ater  in  proportion  to  the  quantity 
of  water  prevent;  on  bijilinir,  however,  tlie  carbonic  acid  is  evolved.  It 
is  diflicnlt  to  obtain  the  ]>recij)itate  quite  free  from  alkali  and  from  the 
acid  of  the  zinc->alt  u.^^ed  — a.  A  boilin«x  .solution  of  zinc-sulphate  is  added 
to  boiling  carboiiait'  of  soda  (or  potash  j^  which  may  be  in  excess;  violent 
eflervcscencc  cn.^ues,  and  a  very  soft,  loose  powder  is  formed,  which 
resenil)h\'5  matju*»i(t  <ffUt  wlien  dry,  and  is  free  from  alkaline  carbonate, 
if  the  boilin*;  be  contiuued  for  some  time  after  mixture.  (Schindler.) — 
h.  Tlie  sohition  of  1  At.  ziiic-sulpiiate  and  1  At.  carbonate  of  soda  (or 
potash)  are  mixed  cold;  in  tliis  case,  the  tnin.<lucent  jelly  which  separates 
at  first  is  soon  transformed,  with  evcdution  of  carbonic  acid,  into  an  opaque 
powder.  If  the  carbonate  of  soda  i.s  in  exces.s-,  a  portion  of  it  is  taken  up 
by  the  precipitate  and  cannot  be  removed  by  subsequent  boiling;  the 
jelly  is  then  stiller,  but  does  not  become  jjulverulent  even  after  standing 
for  weeks;  when  washed  and  drie<l,  it  forms  a  coherent  mass  which  atlheres 
tcnaciou.^ly  to  the  ton«rue.  (Schindler.) — c.  The  solution  of  zinc-sulphate  is 
mixed  with  sal-ammoniac,  and  carbonate  of  soda  added,  in  the  cohl,  till  a 
ghiss  rod  moistened  with  hydrochloric  acid,  gives  white  fumes  when  held 
over  the  liquid.  The  precipitate,  after  beiuir  washed  and  dried.it  100^  in 
vacuo,  is  free  from  .^oda  and  suljdniric  acid.  (Berzelius,  Jahresh.  15,  130.) 
d.  Solution  of  zinc->ulphate  is  precipitated  in  the  cold  with  a  precisely 
equivalent  quantity  of  carbcmate  of  ammonia.  The  precipitate,  which  is 
cry.-talline  at  first,  becomes  yory  light  after  drying.  (Wackenroder.) — 
Solution  of  zinc-nitrate  is  precipitated  cold  by  an  exactly  equivalent 
quantity  of  carbonate  of  soda.  (Wackenroder.) — The  precipitate  obtained 
by  decomposing  zinc-salts  with  alkaline  carbonates  at  ordiuary  tenij>era- 
tures,  is,  when  recently  precijiitated,  much  lighter  than  that  obtaiued 
from  hot  solutions.  The  former  contains  originally  dicarbonate  of  zinc- 
oxido  together  with  a  large  quantity  of  water,  but  loses  so  much  water 
and  carbonic  acid  in  drying,  that  it  becomes  identical  in  compositioii 
with  the  salt  precipitated  from  hot  solutions.  (Wackenroder.) 
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White,  loosely-coherent  powder,  resembling  magnesia  alba.  Dissolyes 
in  20C0 — 3000  parts  of  water  (in  44642  pts.  Fresenius),  but  separates 
from  the  solution  when  heated,  and  does  not  re-dissolve  on  cooling. 
(Schindler.)  According  to  Wohler  {Pogg.  2S,  G16),  this  salt  is  deposited 
in  small  shining  crystals  when  an  aqueous  solution  of  the  compound  of 
linc-oxide  and  potash  is  exposed  to  tne  air. — Dissolves  readily  in  a  cold 
aqneons  solution  of  hydrochlorate  or  nitrate  of  ammonia  (Brett,  Wittstein), 
and  disengages  ammonia  when  heated  therewith.  (L.  Thompson.) 


Wacken- 

Wacken- 

Bonsdorff 

.    Schindler. 

roder. 

Schindler, 

roder. 

(1.) 

(2,  a.) 

(2,  a.) 

(2,  b.) 

(2,  6.) 

5ZnO....  201 

•••• 

73-90 

•  ■■• 

71-25 

....     73-5     ....     72-68 

•  •ta 

72-22 

....     72-87 

2CO«....     44 

•  ••• 

16-17 

•  •ft* 

1419 

....     14-6     . 

...     12-74 

•  ••• 

15-30 

....     12-70 

3HO  ....     27 

•  «•• 

9-93 

•  ••• 

14-56 

....     11-9     ....     1402 

•  ■•• 

12-48 

....    13-93 

NaO  .... 

•  ••• 

•  ••• 

•  •••                                 • 

...       0-28 

SO»    .... 

•  ••• 

*  ■•• 

*••■                                 • 

...       0-28 

•  «a  • 

0-50 

272 

•  ••• 

100-00 

....  100-00 

....  100-0     . 

...  100-00 

•  ••• 

10000 

....  100-00 

Berzelius. 

Wackenroder. 

Smithson. 

C2,  c.) 

(2.  d.) 

(2, 

*.) 

Zinc-bloom. 

ZnO  

73-35 

73-23 

73-34 

•  ••  • 

71-4 

CO*   

15-94 

12-80 

12' 

70 

■  a  •• 

13-5 

HO    

10-71 

13-79 

131)6 

•  ••« 

15-1 

NaO  

trace 

SO»    

018 

100-00 


10000 


10000 


100-0 


Berzelius  and  Wackenroder  examined  the  salt  dried  at  100®;  with  respect 
to  the  other  analyses  no  such  particulars  are  stated.  According  to 
Berielius,  the  salt  is  composed  of  5ZiiO,  2C0--f  3  Aq.  =  2(ZnO,  C0=) 
+  3(ZnO,  HO).  Schindler  prefers  the  formula :  SZnO,  3C0H  6  Aq.  and 
Wackenroder  gives  the  preference  to  12ZnO,  4CO'^  +  9  Aq.  The  analyses 
of  Smithson  and  Bonsdorff'  give  nearly:  3Zn(),  C0^-|-3  Aq. — IT  Lefort 
{J,  Fhaim,  3rd  series,  11,  329)  gives  for  the  salt  obtained  by  precipitat- 
ing a  zinc-salt  with  carbonate  of  soda  or  potash  at  a  boiling  heat,  the 
formnla:  8ZnO,  3CO'-|-0HO.  IT 

d.  Bibasic. — Dicarhonate, — Formed  by  precipitating  a  soluticm  of 
zinc-sulphate  at  ordinary  temperatures  with  sosquicarhonate  of  soda, 
washing  the  precipitate  thoroughly,  and  drying  it  in  the  air. — Soft,  white 
powder.  (Boussingault,  Ann,  Chim.  llii^s.  20,  284.)  By  precipitating 
from  hot  solutions,  the  salt  c  is  obtained.  (Schindler.) 


4ZiiO 160-8 

2C0* 44-0 

3HO  27-0 


69-37 
18-98 
11-65 


Boussingaolt. 
70 
19 
11 


2(2ZdO,C02)  +  3Aq,...     2318 


2ZnO 
2H0 


80-4 
220 
180 


100-00 


66-78 
18-27 
14-95 


100 

Schindler. 
67-43 
18-00 
14-57 


2ZnO,C02  +  2Aq. 1204 


10000 


100-00 


€,  Monocarhonate. — Found  in  nature  as  Zinc-spar  and  Calamine, 
Crystalline  system  the  rhombohedral :  Fig,  141,  143,  145,  and  other 
forms;   H  :  r4=107*'40'i   r' :  r  6<rAi« J=72'' 20'.  (WoUaston.)     Cleav 


age 


paraUel  to  r.  Specific  gravity,  4-3765  (Karsten),  7-442  (Mohe).  Harf. 
nea8  eqiial  to  that  of  apatite.  Whito,  transparent.  Not  fuaible  before 
the  blowpipe.  Turns  green  wlien  ienited  witb  nitrata  of  cobalt.  Di»- 
eolves  in  acids  with  effervescence;  soluble  in  caustic  potasb.  According 
to  Subindlcr,  tbjs  salt  may  be  obtained  artificially,  containing,  however, 
a.  small  iiiiantity  of  water  (probably  from  adinixtnre  of  saltrf);  1,  By 
])Tecipitating  in  the  cold  a  suliitian  of  I  At.  zinc-Bnlphate  in  ten  times  ita 
weight  of  water  with  s  Bolution  of  1  At,  biearbonat*  of  potash  or  sods. 
TLe  loose,  uon -gelatin  on  a  precipitate  ia,  after  dryinp;,  soft,  white,  and 
much  heavier  than  the  salt  e,  (Berseliua  obtained  by  this  process  tin 
Bait  e,  containing  73  per  cent,  of  linc-oside;  Lefort  obtained  by  the  sam« 
process,  a  salt  containing :  SZnOjCO'+SHO), — 2.  The  aqueous  solution 
of  tbe  acid  salt  f,  when  loft  to  evaporate  apontaneouEly,  depOBite  tk6 
monocarbonate  in  tbe  form  of  a  granular  powder.  (Schindler.) 

SmitliEoii,  Schindler. 

Sunimtliliirc,    ft:tl.j.hiri!.         (1.)  (2.) 

ZnO 40-2     ....     Cl'63    „.,     61-8     ....     6i-2    ....     03-OS     ....     63-0 

CO'  220     ..,.    35-37    ....     35-2     ....    34-B     ,„.    33-53     ....     3*-9 

HO   .^ .^ ....      3-42    ....       a-l 

ZnO,CO»     fi2-Z     ....  100-00    ....  lOO'O     .,..  100-0    .,..  lOOOO     ....  1000 

T  Manganiferou»  Zinc'ipar.  Tbe  following  varieties  of  lino-spar 
from  Aachen  containing  manganese,  have  been  analysed  by  MonhQim. 
{L.  &  K.  JahresXi.  1848,  1225.)  a,  light-green,  rhombohedrous:  sp.gr. 
=  4-03;  6,  dark  green:  ap,  gr.  —  3-98,  both  from  Herrenberg; 
e,  yellowish  white  from  Altenberg;  sp.  gr,  4*20. 


ZnO,  COS 

85-78 

74-42 

84-92 

MnCCO" 

7-62 

6-80 

FeO.CO"  

2-24 

3-20 

1-58 

MgO.CO> 

4-44 

3-88 

2-84 

CttO.CO* 

0-98 

1-68 

1-58 

O'og 

0-20 

HO    

1-as 

CaUmme   

I 


Ferruginous  Zine-ipar;  Kapnitel  Monhcim  has  likewise  analyzed 
eereral  specimens  of  the  ferruginous  zinc-spar  from  Altenherg  described 
by  Breitliaupt  as  a  now  mineral  apeciea  under  the  name  of  Kapnite.  The 
proiKirtion  of  iron  in  these  Bpcciinens  being  very  variable,  Monlioim  does 
not  regard  tbe  mineral  aa  a  distinct  species,  but  proposes  for  the  light- 
green  varieties,  rich  in  zinc,  tbe  name  of  Ferruglnou*  Zino-ipar,  and  for 
the  dark-green  varieties  and  those  which  turn  brown  by  oxidation  of  the 
iron,  the  term  Zine-ironepar :  (a)  ap.  gr.=:4'09;  ^6)  sp.  gr.^4-]3; 
(e)  sp,  gr.=4-00;  {d)  sp,  gr,=4-04-  (e)  sp.  gr.=4-00;  (/)  sp.  gr.  not 
determined. 

d.  I.  /. 


ZoO.CC 

.     71-08     . 

b. 
.     60-35     . 

.     58- 

.    23-98    . 

.     32-21     . 

.     35- 

MnO.CC...., 

2-SB     . 

4-02     . 

Cwa,CCP 

2-54     , 

,       1-90    . 

3- 

MfO.CO" 

014 

C»Uini.K!  

.       2-49     . 

.        0- 

ZIXC-PHOSPHATE.  1 7 

/.  AcvI'mIL  Mctallio  zinc,  the  liyd rated  oxide,  .iiid  tlie  onrbonatos 
a  .  .  •  ^  arc  easily  8«>lub]o  in  excess  of  aqueous  carbonic  acid.  {Comp, 
Jalin^  Ann,  Pharm.  28,  110.) 

Zinc  and  Boron. 

Borate  of  Zinc-oxide.— Precipitated  on  mixing  an  aqueous  solution 
of  sinc-sulpliato  with  borax.  White  powder,  insoluble  in  water,  but 
Bolnble  in  aqueous  boracic  acid.  Turns  yellow  in  tlio  fire,  and  is  con- 
verted into  a  solid,  compact,  opaque  slag.  (Wenzcl;  comp,  Tannermann, 
KaUn.Arch,  20,  14.) 

Zinc  and  PiiospnoRus. 

A.  Phosphide  of  Zinc. — a.  When  pieces  of  phosphorus  are  thrown 
apon  melted  zinc,  a  lead-grey  mass  is  obtained,  having  the  metallic 
laatre,  somewhat  ductile,  smelling  like  phosphorus  when  hammered,  and 
baming  like  zinc  when  heated.  (Pelleticr;  comj^.  Landgrcbe,  Schm,  53, 
460).— -6.  The  silver-white  substance  with  couchoidal  fracture  which, 
snbiimes  on  igniting  6  parts  of  zinc  with  6  phosphorus  and  1  charcoal,  or 
2  line  with  1  pho.sphorus  in  a  glass  retort,  ap])ears  to  be  richer  in 
phosphorus  than  the  last. — c.  When  phosphurettcd  hydrogen  gas  is  passed 
over  gently  heated  chloride  of  zinc — whereupon  hytfrochloric  aciil  gas  is 
alowly  evolved — ^and  the  mass  afterwards  digeste<l  in  water,  ])!iosphide  of 
sine  remains  in  blackish  particles,  which  exhibit  the  metallic  lustre,  emit 
a  phosphorus  flame  when  heated  on  charcoal  before  the  blowpipe,  and  are 
perfectly  insoluble  in  hydrochloric  acid.  (H.  Rose,  Fogg.  24,  235.) 

B.  IlYPOi»iio.«5pniTE  OP  Zinc-oxide. — The  solution  of  zinc  in  heated 
aqueous  hypophosphorous  acid,  yields  by  evapoi-ation  in  vacuo,  indistinct 
crystals,  which,  when  heated  to  redness  in  a  retort,  swell  up  strongly, 
give  off  non-spontaneously  inflammable  phosphurettcd  hydrogen,  and 
leave  a  residue  soluble  in  hydrochloric  acid.  (H.  Rose,  Pogg,  U,  i>2.) 

C.  Phosphite  of  Zinc-oxide, — Perchloride  of  phosphorus  dissolved 
in  water  and  neutralized  by  ammonia,  precipitates  a  nniall  quantity  of 
this  salt  from  a  solution  of  zinc-sulphate,  the  rest  remaining  in  solution, 
and  scqiarating  when  the  li({uid  is  boiled.  The  salt,  when  heate<l,  swells 
up  strongly,  and  gives  ofi'  hydrogen  gas,  mixed,  especially  towards  the 
end  of  the  reaction,  with  phosphurettcd  hydrogen.  100  parts  of  the 
salt  dried  in  vacuo  leave,  on  ignition,  70*43  parts  of  residue  containing 
53*38  per  cent,  of  zinc-oxide,  and  4G'62  phosphoric  acid.  100  parts 
of  the  dried  salt  oxidated  by  nitric  acid  and  ignited,  yield  81*4  ])arts  of 
diphosphate  of  zinc-oxide.  The  salt  dissolves  with  difliculty  in  water. 
(H.  Rose,  Pogg,  9,  2D.) 

H.  Rose. 

2ZiiO 80-4       ....       42*36         ....         4314 

PO* 53-4       ....       29-19         ....         29C9 

6HO 54-0       ....       28-45         ....         2717 

2ZnO,P03  +  6Aq 1898       ....     lOO'OO         ....       10000 

D.  Ordinary  Phosphate  of  Zinc-oxide  or  Zinc-phospuate.— 
a.   Tripliotphate, — Precipitated  on  mixing  a  solution  of  a  zinc-^alt  with 

TOL.    T.  ^ 
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diphospliate  of  ammonia^  poinsh,  or  soda,  the  GmpcrnutAnt  liquid  becoming 
acid.  (Mitacherlich.)  When  dilute  solutions  of  sulphate  of  zinc-oxide 
and  di])ho8i)hatc  of  soda  :ire  mixed  in  the  cold,  a  translucent  jelly  is  at 
first  produced;  thi.s,  however,  soon  becomes  opaque  and  ap:«jcre|trates  into  a 
fine  white  crystalline  powder.  If  the  solutions  are  mixed  boiling  hot, 
no  jelly  is  produced,  but  the  pulverulent  precipitate  is  formed  at  once  and 
has  the  same  composition.  (Schindler.)  The  same  compound  is  doubtless 
formed  on  digesting  carbonate  of  zinc-oxide  with  aqueous  phosphoric 
acid  not  in  excess.  White,  crystalline,  tasteless  powder.  Fuses  easily, 
forming  a  transparent  and  colourless  glass.  Insoluble  in  water;  soluble 
in  acids;  likewise  in  ammonia  and  in  carbonate,  sulphate,  hydrochlorate, 
and  nitrate  of  ammonia — iu  the  last  three,  however,  with  slight  turbidity. 


Anhydrous. 

3ZnO 120-6     ....     62-81 

cPO^ 71-4     ....     3719 


Hydrated, 

3ZnO 120-6     ...     57-43 

cPO* 71-4     ....     34-00 

2HO  180     ....       8-57 


Schindler. 

....     57-46 
....     33*86 

....         cJ-oZ 


3ZnO,cPC)*      1920 


10000 


+  2Aq 2100 


100-00 


100-14 


h.  DipJiosphate,  On  mixing  a  solution  of  3  parts  of  zinc-sulphate 
in  32  parts  of  hot  water,  with  a  solution  of  4  parts  of  crystallized  diphos- 
phate of  Hoda  in  32  parts  of  hot  water,  this  salt  is  doposite<l  in  shining 
lamino).  (Oraham.)  In  this  case,  the  zinc-sulphate  is  in  excess;  in  the 
preparation  of  salt  cr,  it  appears  to  be  necessary  that  the  phosphate  of 
soda  be  in  excess.  The  ery.'stals  do  not  lose  water  at  100";  but  at  a 
temperature  below  the  melting-point  of  tin,  they  give  off  2  At.  water, 
retaining  their  lustre;  at  a  red  heat  they  fuse  and  give  off  3  At  water. 
(Graham,  Ann.  Pliarm.  29,  28.) 


Dried. 

2ZiiO  80-4     ....     500 

cPO*    71-4     ....     44-4 

HO 0-0     ....       5-6 


2ZnO. 
cP()». 
3IIO. 


Cryttallixed, 

80-4  ....  44-97 
71-4  ....  39-93 
27-0     ....     15-10 


2ZnO,HO,cPO* 160*8 


1000 


+  2Aq 178-8 


100  00 


c.  Acid  Phosphate.  By  dissolving  zinc,  or  the  carbonate  or  phosphate 
of  zinc-oxide  in  excess  of  ncid  nnd  evaporating.  Gummy  mass  which 
fuses  in  the  fire  to  a  tran.s])arent  gla:<s.  When  a  small  quantity  of  alkali 
is  added  to  its  aqueous  solution,  the  salt  a  is  deposited.  (Wenzel.) 

E.  pYRopiiospnATE  OP  ZiNC-oxiDE. — By  precipitating  a  zinc-salt  with 
pyrophosphate  of  soda.  The  precipitate  is  decomposed  by  boiling  with 
ordinary  phosphate  of  soda,  yielding  ordinary  ])hosphato  of  zinc-oxido 
and  pyrophosphate  of  soda.  (Stromeyer,  Schw.  b^,  129.)  IT  The  salt 
precipitated  as  above  forms  a  wliite  bulky  mass,  which  in  drying  shrinks 
up  like  hydrate  of  alumina.  If  it  be  suspended  in  water,  and  sulphuroua 
acid  gas  passed  tlirough  the  liquid,  the  whole  dissolves,  and  the  solution, 
when  boiled,  yields  the  salt  in  tlie  form  of  a  heavy,  white,  beautifully 
crystalline  powder  consisting  of  2(2ZnO,^PO^)-|-3Aq.  Both  the  amor« 
phous  and  the  crystalline  salt  dissolve  in  acids  and  in  caustic  potash; 
ammonia  likewise  dissolves  the  salt,  and  alcohol  added  to  the  solution 
throws  down  a  syrupy  mass.  (Schwarzcuberg,  Ann.  Pharm,  65,  151.)  IT 

Metaphosphate  of  Zinc-oxide. — Fonncd  by  burning  hyposulpho- 
phosphato  of  zinc.     Transparent  glass,  soluble  in  water.  (Berieliiu.) 
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Zinc  and  Sulphur. 

A.  Sulphide  of  Zinc,  or  Zinc-sulphide. — Found  in  nature  as  Blende, 
freqnentlj  containing  sulphide  of  iron  and  sulphide  of  cadmium. 
Ndggerath  and  Bischof  {Sckio.  65,  245)  found  in  an  old  mine  a  quantity 
of  linc-sulpbide  mixed  with  washings  of  the  ore,  forming  a  deposit  some 
inches  in  thickness  on  the  wood- work;  it  had  probably  been  formed  by 
the  reducing  action  of  the  wood  upon  sulphate  of  zinc-oxido.  Formation, 
1..  When  sulphur  vapour  is  passed  over  red-hot  zinc,  a  small  quantity 
of  white  sulphide  is  produced.  (J.  Davy.)  When  zino-filings  are  heated 
'With  sulphur,  the  sulphur  volatilizes  before  combination  takes  place. 
The  sulphide  of  zinc,  which  has  a  very  high  melting  point,  envelops  the 
zinc  in  the  form  of  a  solid  crust;  hence  the  imperfect  combination. 
2.  When  zinc  is  heated  with  cinnabar  (the  heat  must  be  very  strong  towards 
the  end  of  the  process)  decomposition  takes  place,  with  explosion,  the 
sulphur  combinmg  with  the  zinc  and  the  mercury  volatilizing.  Zino- 
filings  mixed  with  pentasulphide  of  potassium  withdraw  the  sulphur  from 
that  compound,  and  with  explosive  combustion  if  heat  be  applied. 
(Berzelius.) — 3.  According  to  Dehne,  oxide  of  zinc,  heated  with  sulphur, 
yields  a  sulphide  of  zinc  which  might  easily  bo  mistaken  for,  blende. 
(Despretz,  ^n7i.  Chim,  Phys,  33,  IGS.) — 4.  By  heating  anhydfous  suTphSle 
of  zmc-oxide  with  sulphur.  (Vauquelin.)  Tho  mixture  is  heated  in  an 
earthen  retort,  first  to  dull  redness,  then  more  strongly;  the  sulphide 
of  zinc  produced  is  mixed  with  more  or  less  undecomposed  sulphate, 
which  may  be  extracted  by  w^atcr,  or  completely  converted  into  sulphide 
by  again  igiiitin<j  the  mixture  with  sulphur.  (Gay-Lussac.) — 5.  Anhy- 
drous sulphate  of  zinc-oxide  is  ignited  with  charcoal  or  in  a  charcoal 
crucible;  if,  however,  a  very  strong  white  heat  be  applied,  very  little 
remains  in  the  crucible.  (Berthicr.)  When  100  parts  of  the  dry  salt 
are  ignited  in  a  charcoal  crucible  with  15  parts  of  charcoal,  part  of  the 
sulphuric  acid  es>capcd  in  the  form  of  sulphurous  acid  before  the  charcoal 
begins  to  act  strongly,  and  consequently  there  is  formed  a  mixture  of 
sulphide  and  oxide  of  zinc,  the  latter  of  which  may  be  extracted  by 
dilute  hydrochloric  acid.  If  a  strong  white  heat  be  applied,  tlie  residue 
amounts  to  only  15  per  cent.  (Berthicr,  Ann.  Cliim,  Pliys.  33,  168.)  Tho 
more  quickly  the  heat  is  raised  to  whiteness,  the  smaller  is  the  quantity 
of  oxide  mixed  with  the  sulphide.  (Gay-Lussac.) — 6.  The  preciuitate 
formed  by  hydro!^ul]diuric  acid  in  a  solution  of  a  zmc-salt  is  ignited  in  a 
stream  of  hydrosulphuric  acid  gas.  (Berzelius.) 

The  native  sulphide  belongs  to  the  regular  system:  Fig,  2,  3,  4,  6,  8, 
13,  14,  and  other  forms.  Cleavage  easy  parallel  to  d.  Harder  than 
calcspar.  Sp.  gr.  3-9 — 4  07.  Tnmsparent,  pale  yellow.  The  presence 
of  other  metallic  sulphides  gives  it  a  red,  brown,  black,  or  green  colour. 
The  artificial  sulphide  is  a  white  or  yellowish,  loosely-coherent  mass. 
Sp.  gr.  3*9235.  (Karsten.)  When  prepared  by  (5)  it  is  pulverulent  and 
as  white  as  the  oxide.  (Berthier.)  Fuses  only  at  very  high  tempera- 
tures :  not  volatile  at  a  white  heat. 
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When  mixed  with  charcoal  and  raised  to  an  intense  wbite  beat, 
it  volatilizes,  doubtless  iu  tlie  fonn  of  sulphide  of  carbon  and  metallic 
zinc.  (Bcrthier.)  When  heated  in  the  air,  it  oxidates  but  slowly, 
cvolvin;r  sulphurous  acid  and  forming  oxide  and  sulphate.  Completely 
oxidized  by  fusion  with  nitre.  Decomposed  for  the  most  part  by  evapo- 
ration with  oil  of  vitriol.  Dissolves  in  nitric  acid,  with  evolution  of 
nitrous  fras  and  separation  of  sulphur,  and  in  hot  strong  hydrochloric 
acid,  with  cvolutiuu  of  sulphuretted  hydrogen.  Decomposes  vapour  of 
water  slowly  at  a  red  heat,  more  abundantly  at  a  white  heat,  oxide  of 
zinc  being  formed  and  sublimed.  (Regnault,  Ann.  Chim.  Fhys.  62,  380.) 
When  it  is  heated  to  rcdne.'?s  with  carbonate  of  soda,  in  equal  numbers 
of  atoms,  the  mass  fuses  and  boils,  and  yields  a  yellowish  wbite  mixture 
of  sulphide  of  sodium,  oxide  of  zinc,  and  undecomposed  sulphide  of  zinc 
(Bcrthier,  Ann,  Chim.  Phija.  33,  107.)  [For  its  decomposition  with 
oxide  of  lead,  see  Oxide  of  Lend.] 

Ilydrated  Sulphide  of  Zinc,  or  Ilydrosulpluite  of  Zinc-oxide, — The 
white  pulverulent  prcci]>it^itc  which  hydrosulphuric  acid  and  alkaJiue 
hydrosulphates  produce  with  zinc-salts.  On  passing  hydrosulphuric  gas 
very  slowly  through  a  solution  of  zinc-sulphate  from  which  part  of  the 
zinc  has  been  already  precipitated  by  that  gas,  the  sulphide  is  obtained, 
partly  in  the  form  of  a  dense  mass,  partly  in  rhombic  lamimo  attached 
thereto;  these  crystals  are  yellowish,  not  hard,  and  easily  cloven. 
(Schindler.)  When  hydrochl orate  of  zinc-oxide  mixed  with  excess  of 
acid  is  precipitated  by  sulphuretted  hydrogen,  the  precipitate  contuns 
sulphide  of  zinc  in  combination  with  chloride.  (Reinsch,  Repert.  .56,  190.) 
— The  white  compound  is  converted  by  ignition  into  the  yellowish 
anhydrous  suljdiide.  The  sulphide  thus  f()rmed  is  mixed,  however,  with 
a  small  portion  of  oxide,  inasmuch  as  hydrosulphuric  acid  gas  is  evolved 
during  ignition.  (Schindler.) — Hydrated  zinc-sulphide  dissolves  more 
readily  in  nitric  or  hydrochloric  acid  than  the  anhydrous  sulphide;  dis- 
solving, in  fact,  without  the  application  of  heat :  it  is  also  slightly  soluble 
in  a  large  excess  of  acetic  acid.  (Wackenroder,  N.  Br,  Arch.  16,  133.) 
While  yet  moist,  it  likewise  dissolves  in  aqueous  sulphurous  acid. 
(Berthicr.) 

Si^hindlcr.  Geiger  &  Reunum. 

Zn 32-2     ....     56*30        ...         570  ....  59*8 

S  16.0     ....     27-97        ....        27-9  ....  29-5 

HO  90     ....     15-73        ....         151  ....  10*7 

ZiiS,HO  ....     57-2     ....  100-00        Z       1000  Z  100-0 

The  compound  examined  by  Schindler  was  dried  at  37-5°;  that 
examined  by  Geiger  Sc  Rcimann  {Mag,  Pharm,  18,  25),  at  100°.  Ac- 
cording to  Schindler,  it  loses  half  its  water  at  100^,  but  recovers  it  on 
exposure  to  the  air. 

B.  Oxy-suLPHiDE  OF  Ztnc. — "When  hydrogen  gas  is  passed  over  100 
parts  of  anhydrous  sulphate  of  zinc-oxide  ignited  in  a  glass  tube,  the  salt 
is  quickly  reduced,  with  formation  of  sulphurous  acid  and  water;  shortly 
before  the  end  of  the  reduction,  the  mass  exhibits  a  swelling  movement 
and  a  glimmering  light,  and  n  small  quantity  of  metallic  zinc  sublimes. 
The  residue  consists  of  56  or  58  parts  of  a  straw-yellow  jjowder,  contain- 
ing rather  more  than  1  At.  sulphide  of  zinc  to  1  At.  oxide.  This  com- 
pound, when  ignite<l  in  a  stream  of  sulphuretted  h3'drogeit,  is  converted 
into  zinc-sulphide  and  water;  hydrochloric  acid  dissolve:»it^  with  evoln- 
tion  of  sulphuretted  hydrogen.  (Arfvcd.9on,  Po^jg,  1,  50.) 

i  \ 
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Under  this  head  may  likewise  be  included  the  following  compounds, 
which  however  contain  a  larger  quantity  of  sulphide :  a,  Volzite,  Warty 
masses  formed  of  concentric  shells;  of  t^pecific  gravity  3'6G;  pale  rose- red 
or  yellowish;  slightly  translucent.  Contains:  zinc-sulphide  82 '82, — 
linc-oxido  15*34, — ferric-oxide  1'84.  (Fournet,  Pogg,  31,  62.) — 6.  Fur- 
naee-calamine  from  a  Freiberg  furnace.  Hollow  six-sided  prisms  or 
laminar  masses;  yellow,  or,  if  they  contain  sulphide  of  iron  or  other 
metallic  sulphides,  brown  and  black.  Contains  4  At.  sulphide  of  zinc  to 
1  At.  oxide.  Gives  np  the  latter  to  boiling  acetic  acid.  (Karsten,  JScJiw, 
57,  186.) 

C.  Hyposulphite  op  Zinc-oxide. — Formed  by  digesting  aqueous 
sulphite  of  zinc-oxide  with  sulphur  in  close  vessels. — 2.  By  precipitating 
hyposulphite  of  baryta  with  sulphate  of  zinc-oxide,  and  filtering,  (liam- 
melsberg.) — 3.  By  passing  sulphurous  acid  gas  through  water  m  wliich 
freshly  precipitateil  hydrate  of  zinc-sulphide  is  diffused:  solution  takes 
place  with  difficulty  and  is  attended  with  deposition  of  sulphur.  (Ram- 
melsberg,  Pogg.  S,  442.)— 4.  By  dissolving  zinc  in  aqueous  sulphurous 
acid.  The  products  are  sulphite  of  zinc-oxide  which  crystallizes  out, 
and  hyposulphite  which  remains  in  solution.  (Mitscherlich,  Pogg,  8,  442.) 

2Zn  +  3S03  =  ZnO,SO-  +  ZnO,S-0«. 

If  the  sulphurous  acid  becomes  very  hot  by  acting  on  the  zinc,  sulphu- 
retted hydrogen  is  evolved,  and  a  portion  of  the  zinc  is  thereby  re-pre- 
eipitated.  (Berzelius;  comp,  Koene,  Pogg.  63,  245.) — The  crystals  which 
Fourcroy  &  Vauquelin  (Fourcroy,  Systeme  5, 380)  obtained  by  dissolving 
line  in  sulphurous  acid  appear  to  have  been  sulphite  of  zinc-oxide  with  a 
portion  of  hyposulphite  adhering  to  it  in  the  mother-liquid.  According 
to  Wuhler  {^JaJiresher,  15,  155),  zinc,  when  digested  with  a  saturated 
aqueous  solution  of  sulphurous  acid,  forms  sulphide  of  zinc  and  sulphate 
of  lino-oxide. — The  salt  is  so  easily  deconiposiblo  that  it  cannot  be 
obtained  in  the  solid  sttite.  If  the  colourless  and  inodorous  solution, 
which  is  not  precipitated  by  alcohol,  be  evaporated  at  ordinary  tenii>cra- 
tures  either  in  the  air  or  in  vacuo,  white  sulphide  of  zinc  is  precipitated 
at  a  certain  degree  of  concentnition,  and  trithionate  of  zinc-oxide  remains 
in  solution.  (Fordos  &  Gelis,  Compt.  rend,  16,   1070;  aluo  «/.  pr,  Chem. 

29,  228): 

2(ZnO,S-0=)  =  ZnS  +  ZuO,S'0\ 

According  to  Ranimclsberg,  sulphur  is  precipitated  under  these  circum- 
stances, and  a  solution  of  zinc-sulphate  formed. 

D.  TEinATUioNATE  OP  ZiNC-oxiDE. — Soluble.  (Fordos  &  Gelis.) 

£.  Trithionate  op  Zinc-oxide. — lleinains  dissolved  when  a  solution 
of  the  hyposulphite  is  evaporated.  Decomposed  by  the  slightest  rise  of 
temperature  in  the  li([uid;  so  that  when  aqueous  hyposulphite  of  zinc- 
oxiae  is  evaporated  to  dryness,  sulphurous  acid  is  evolved  and  there 
remains  a  mixture  of  sulphide  of  zinc,  sulphur,  and  sulphate  of  zinc-oxide. 
(Fordos  &  Gelis.) 

F.  Sulphite  op  Zinc-oxide  or  Zinc-sulphite. —  Oxide  of  zinc 
dissolves  in  sulphurous  acid  with  evolution  of  heat,  and  yields  small 
crystals  having  a  pungent,  styptic  taste;  they  are  slightly  soluble  in 
water,  bat  not  m  alcohol.  (Fourcray  &  Vauquelin.)    The  solution  when 
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evaporated  yieldB  pearly  scales.    (A.  Vogel,  J,  pr,  Ckem.  99,  S80.) 
WIi 


diliicuity  in  sulphurous  acid^  aud  the  oxide  Lb  deposited  on  boiliDg. 


G.  Hyposulpiiate  of  Zinc-oxtde. — Formed  by  precipitatiDg  hyjtor 

sulpha  to  of  baryta  with  an  equivalent  quantity  of  zinc-sulphate,  then 

filtiTJiii^  and   evap<»ratin<;.      Indistinct   crystals,   having  a   very  rough 

tasto,  i)erniancnt  in  tlio  air,  Icavinir  48*42  per  cent,  of  zinc-sulphate  when 

ignited,  very  easily  K>lublo  in  water^  and  converted  into  sulphate  when 

the  solution  i^  boiled. 

CryafaUized,  Ueeren. 

ZiiO 40-2       ....       24-19  24-25 

S-05 72-0       ....       43-32  43-51 

6liO 540       ....       32-49  32-24 


ZnO,S-0*+CAq lCC-2 


100-00 


100-00 


II.  SirLPiiATK  OF  ZiNr-oxioE  or  ZiNC-suLPiiATB. — Sulphate  of  Zinc, 
a.  Octolmsic. — Precipitated  on  adding  water  to  a  concentrated  solution 
of  the  bibasic  sulphate.  Very  light  precipitate,  loosely  coherent  after 
dryin;;:.  When  dry,  it  does  not  absorb  carbonic  acid.  When  kept  for  a 
lon<j;  tinio  under  a  solution  of  nionosulphatc  of  zinc-oxide,  it  is  converted 
into  the  quadrobasic  salt.  Resolved  by  gentle  ignition  into  a  mixture  of 
zinc-oxide  and  nionosulphatc  of  zinc-oxide,  which  may  be  extracted  by 
water.     Not  soluble  in  water.  (Schindlcr,  Mag.  rhaitfi,  31,  181.) 


8ZnO    321-C 

80a  40-0 

2H0 180 


84-72 

10-54 

4-74 


Schindler. 
84-8 
10-6 
4-6 


8ZnO,S03  +  2Aq 379-6 


10000 


1000 


h.  ASejrhasir.^Wheu  NH'-f  ZnO,SO'  is  treated  with  water,  this  salt 
IS  left  undissolved  in  the  form  of  a  white  powder,  which,  when  heated, 
gives  oir  24*12  per  cent,  of  water  and  afterwards  absorbs  8*4  per  cent, 
from  the  air.  (Kane,  A7i)i,  Chivi,  Phys,  72,  310.) 


Anhydrous, 

Hydrated, 

Kane. 

6ZnO   

241-2     ....     85-/7 

fiZnO 

241-2     ....     64-98 

....     64-22 

SO'  

400     ....     14-23 

SO'    

40-0     ....     10-78 

....     10-96 

lOlIO     .... 

90-0     ....     24-24 

....     24-82 

6ZnO,SOa 

281-2     ....   100-00 

+  lOAq 

371-2     ....  10000 

....  10000 

c.  Qiiadrohasic, — 1.  Formed  by  heating  zinc-vitriol  till  it  is  partially 
decomposed,  and  boiling  the  residue  with  water. — 2.  By  boiling  the 
aqueous  solution  of  zinc-vitriol  with  metallic  zinc  or  zinc-oxide. — 3.  By 
j)recipitating  zinc-vitriol  with  an  insufficient  quantity  of  potash,  washing 
the  loosely-coherent  precipitate,  and  dissolving  it  in  boiling  water.  In 
all  three  cases,  the  solution  must  bo  filtered  hot,  and  then  the  salt  will 
separate  as  it  cools.  (A.  Vogel.)  The  second  method  is  the  surest;  in 
applying  the  third  method,  only  a  small  quantity  of  potash  must  be  used; 
a  larger  quantity  throws  down  a  more  basic  salt.  (KUhn,  Sckw,  60,  337.) 
This  salt  likewise  crystallizes  out,  when  a  solution  of  zino-vitriol  is 
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phoed  for  soino  time  in  contaot  with  metallic  zino,  or  when  a  solution  of 
the  bibasic  sulphate  is  left  to  cvaporato  slowly  in  a  glass  with  a  narrow 
mouth.  (Schindlcr.)  White,  shining,  opaque  scales  (A.  Vogel);  long, 
8oft^  flexible,  transparent,  four-sided  needles,  bevelled  at  the  extremities 
like  those  of  zino-vitriol.  (Schindlcr.)  When  slowly  dried  it  presents 
the  appearance  of  a  soft  powder,  greasy  to  the  touch, — but  when  quickly 
dried  in  considerable  quantities,  it  forms  a  somewhat  tenacious,  uuctuous 
mass,  haviug  a  dull  and  somewhat  couchoidul  fracture.  (Kiihn.)  Crystals 
of  this  salt  which  have  been  dried  in  the  air  give  up  24*7  per  cent. 
(8  atoms)  of  water  between  100^  and  125"",  without  melting  or  falling  to 
pieces,  while  2  atoms  remain.  At  a  low  red  heat,  the  salt  is  resolved 
into  oxide  of  ziuo  and  the  monosulphatc,  the  latter  of  which  may  bo 
dissolved  out  by  water.  (Schindlcr.)  Scarcely  soluble  in  wat«r  either 
cold  or  hot,  but  dissolves  in  a  boiling  solutiou  of  zinc- vitriol.  (Kiihn.) 


At. 

ZnO 4 

SO» 1 

HO  2 

At. 

ZnO. 4 

BO> 1 

HO 8 


a. 


160-8 
400 
18-0 


73-49 

18-29 

8-22 


At. 
4 
1 
4 


160-8 
40-0 
360 


b. 


67-91 
16-89 
15-20 


218-8 


160-8 
400 
720 


c. 


100-00 


58-95 
14-66 
26-39 


At. 

4 

1 
10 


236-8 


160-8 
40-0 
900 


....  10000 
d. 

....  O0*£n§ 

....  13-76 

....  30-95 


272-8 


100-00 


290-8 


100-00 


According  to  Schindlcr,  a  is  the  salt  dried  above  100^;  and  d  is  the 
fait  dried  at  ordinary  temperatures;  according  to  Kiihn,  6  is  the  salt 
dried  somewhat  above  100^,  and  c  is  the  salt  dried  at  ordinary  tempera- 
tures ;  according  to  Graham  {Aim,  Fh-arm,  29,  29),  the  salt  has  the 
composition  b, 

d.  Bibasic  Salt. — 'Disulphafe, — Obtained  in  solution:  1.  By  leaving  a 
concentrated  solution  of  zinc-vitriol  for  a  considerable  time  in  contact 
with  metallic  zinc  or  zinc-oxide. — 2.  By  precipitating  the  oxide  from  one 
half  of  a  concentrated  solution  of  zinc-vitriol,  and  adding  the  precipitate 
to  the  other  half.  The  solution  yields  small  crystals  on  evaporation;  it 
is  decomposed  by  rapid  boiling,  by  slow  evaporation,  or  by  dilution  with 
a  large  quantity  of  water,  the  salt  c  1>eiiig  deposited.  It  is  precipitated 
by  tincture  oif  galls.  Zinc-vitriol,  when  mixed  with  this  saJt^  loses  its 
tendency  to  crystallize.  ^Schindlcr.) 

tf.  Monosulphate, — Zinc-vitrioi,  White  Vitriol,  GallUzensteiriy  Vitriolum 
album  9.  Zinci. — Zinc  dii«solves  in  heated  oil  of  vitriol  with  evolution  of 
sulphurous  acid,  and  in  dilute  sulpliuric  acid,  at  ordinary  temperatures, 
with  evolution  of  hydrogen.  Not  only  dood  pure  zinc  dissolve  more 
slowly  than  impure  zinc,  but  according  to  Burrat  («/.  Chim,  Med.  17,  (i^ii), 
the  state  of  aggregation  has  an  inlluence  on  the  rate  of  solution.  Zinc 
which  dissolves  with  difficulty,  ceases  altogothor  to  evolve  gas  if  it  bo 
granulated  by  pouring  it  into  water  while  in  tlio  fused  state;  but  if  it 
be  then   fu»<ed  again,  and  cast  in   ])lates,  it  will  yield  a  considerable 

auantity  of  gafcj. — 1  part  of  oil  of  vitriol  <lilutcd  with  80  j)artH  of  w^ater, 
issolves  less  zinc  when  1  part  of  nitric  acid  is  added  to  it  than  it  would 
without  that  addition  (Bi^^oon);  according  to  Dobcreiner  {J,  pr.  Chi-m.  1, 
450),  the  cause  of  this  dilleroncc  is,  that  in  the  latter  case,  ammonia  is 
formedj  and  saturates  part  of  the  sulphuric  acid;  hydrogen  is,  howovor. 
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alwavA  evolved,  but  if  a  large  quantity  of  nitric  acid  be  added,  nitric 
oxitlo  iTJis  is  likewise  «:iven  off.  Oxide  of  zinc  combines  with  oil  vitriol, 
ja-oilucin^  «rreiit  dovolopnient  of  heat.  (Cablet,  Taschenh.  1782,  26.) 

Tlie  salt  is  prepared  on  the  larpe  scale  by  roasting   ores  containing 
eiilphitle  of  ziiu\  afterwards  exhausting  them  with  water,  and  evaporating 
the  solution  to  the  erv^tallizing  point.     By  fusion  in  its  own  water  of  crys- 
tallization, stirring  in  wooden  troughs  with  wooden  shovels  till  crystol- 
]iz:ition  takes  plae<»,  and  subsequent  pressing  in  boxes,  commercial  zinc- 
vitriol  is  made  to  assume  the  appearance  of  loaf-sugar.    It  is  contaminated 
with  the  substances  mentioned  on  pai^c  G,  and  may  be  purifie<l  from  all  of 
them,  excepting  sulphate  of  magnesia,  by  the  methods  detailed  on  pages 
()  an<l  7.      The  zinc-vitii(d  of  Goslar  contains:  ZnO,  15*00;  MgO,  5*10; 
WnO,  3-24;  FeO,  O:  ();   SOS  2})04;    Aq.  4700  (loss  0-32.)    (Wittstein 
Ixqurt.  i)')j  11)3.)      On  the  small  scale,  zinc-vitriol  is  obtained  by  dis- 
solving zinc  in  dilute  sulphuric   acid.     [For  the  purification,  vid,   pp. 
G — S.]     The  ervc^tals,  when   heated  somewhat  below  redness,  yield  the 
auliy<lrou8  salt,  which  is  white,  friable,  of  siMJcific  gravity  3*40  (Karsten), 
an»l  has  a  styptic  and  slightly  acid  taste.     When  ignited  alone,  it  gives 
off  anhydrous  sulphuric  acid,  sulphurous  acid,  and  oxygen  gas,  and  is 
converted,  tirst  into  salt  c,  and  afterwards  at  incipient  whiteness,  into 
})urc  ziuc-oxide.     When  hoate«l  to  low  redness  with  excess  of  charcoal, 
it  gives  oir  sulphurous  acid  and  carbonic  acid  gases  in  tho  proportion  of 
2  vol.  SO^  to  1  vol.  CO*,  and   leaves  zinc-oxi<le  mixed  with  charcoal  and 
traces  of  metallic  zinc  and   zinc-sulphide,  from  which,  at  higher  tem- 
])eraturcs,  zinc  is  re«luced.     If,  on  the  contrary,  the  mixture  be  quickly 
heated  to  whiteness  in  :i  porcelain  retort,  it  evolves  at  first  nothing  but 
sidphurous  acid  gas;  but  as  soon  as  the  heat  becomes  strong,  the  gas 
evolved  consists  wholly  (»f  carbonic  oxide,  with  a  small  portion  of  carbonic 
acid,   and   tlie   rosi«lue  con.'^is'ts  of  sulphide  of  zinc.  (Gay-Lussac,  Ann, 
Chim.  rinjs.  G3.  4.'V2;  also  J.  pr.  Chem,  11,  6;).)     Hydrogen  gas  converts 
tlie  .salt  at  a  red  heat  into  oxv.^ulphide  of  zinc.  (Arfvedson.)     Tho  salt, 
when  mixed  with  sulphur  aud  heated  in  an  earthen  retort,  first  to  low 
and  afterwards  to  hriirht  re<lness,  gives  off  a  large  quantity  of  sulphurous 
acid  gas,  and  leaves  suljdii<lo  of  zinc  still  mixed  with  a  small  quantity  of 
sulphate.  (Vauquelin,  Oay-Lu^sac.)  The  salt,  when  mixed  with  an  aqueous 
solution  of  sal-ammouiac,  is  converted  into  sulphate  of  zinc-oxide  and 
ammonia,  and  hydrochlorate  of  zinc-oxide;  and  with  solution  of  nitre,  into 
sulphate  of  zinc-oxi«lc  and  potash  and  nitrate  of  zinc-oxide.  (Karsten.)    By 
aqueous  hydrochloric  acid  it  is  simply  dis.solved,  not  decomposed.  (Kane.) 

Sniithson- 
Anhydrous,  Wenzel.  Toimant.  Thomson. 

ZnO 40-2     ....     5012         ....         4619         ....         50         ....         52*20 

S03 40-0     ....     49-88         ....         53*81         ...         50         ....         47-77 

ZnO.SO^        80-2     ....   10000         ....       10000         ....       100         ....         99*97 

Comhinatwns  ivlth  WaUr. — Tho  salt  dehydrated  by  ignition  and 
afterwards  moistened  with  water,  combines  with  the  water,  producing 
rise  of  temperature.  (Graham.)  When  exposed  to  air  saturated  with 
aqueous  vapour,  it  tikes  up  in  three  weeks  rather  more  than  7  atoms  of 
water  of  crystiilli zat ion.  (Hrandes.)  If  exposed  to  the  air  in  summer  in 
the  state  of  fine  i)owder,  it  absorbs  70'9  j)er  cent.  (7  At.)  of  water  in  the 
courso  of  ten  days,  but  no  more  afterwards.  (Bliicher.) 

«.  Mono-hydraied. — llemains  behind  when  the  hepta-hydratx^d  salt  is 
'  '<^  in  the  air  at  100°,  or  in  vacuo  over  oil  of  vitriol  at  20'.  (Sdiindler, 
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Graham.)  Likewise  separates  in  crystalline  grains  during  the  cooling  of 
a  boiling  saturated  solution  of  zinc-vitriol  in  water.  Does  not  part  with 
its  one  atom  of  water  at  205"^,  but  gives  it  up  when  heated  to  about  238° 
(Grabam);  at  this  temperature,  a  small  quantity  of  sulphuric  acid  is 
likewise  volatilized.  (Thomson,  Ann.  Phil  26,  3G4;  Sehindler.) 

ZnO  40-2        ....         4507 

SC    400         ....         44-84 

HO 90         ....         10*09 

ZnO.SC  +  Aq 89^2         Z.       100*00 

p.  Bi-hydrated. — 1.  The  crystals  of  the  hejita-hydrated  salt  give  uj) 
31  "4  per  cent,  of  water  at  50°,  and  crumble  to  a  white  powder.  (Sehindler.) 
2.  When  a  solution  of  zinc-vitriol  supersaturated  with  sulphuric  acid 
is  evapoiated  at  a  temperature  near  100%  a  crust  of  salt  forms  on  its 
surface^  covered  with  closely-packed,  transparent  and  colourless  crystals, 
which,  when  immersed  in  cold  water,  soon  become  opaque  (Sehindler); 
eo  likewise,  a  concentrated  solution  of  zinc-vitriol,  mixed  at  a  boiling 
heat  with  sulphuric  acid,  yields  a  crystalliuc  powder  of  the  same  com- 
position (contaminated  only  with  adhering  sulphuric  acid),  and  this,  when 
digested  with  alcohol  of  specific  gravity  0'85(),  is  converted  into  the 
penta-hydrated  salt.  (Kiihn.) — 3.  The  powder  of  the  hepta-hydrated  salt 
18  oonyerted  by  boiling  with  absolute  alcohol  into  a  rough  sandy  substance 
eonsiBting  of  the  bi-hydrated  sulphate.  (Kiihn.) 

Kiihn. 


ZnO 

40-2 

•  ••• 

40-94 

(2)                     (3) 
3911       ....       41*29 

SO»    

400 

•  ••• 

40*73 

41*89       .. 

...       41*21 

2HO 

180 

•  ••• 

18-33 

19*00       . 

...       17-53 

ZnO,80S-t-2Aq. 

98*2 

•  •  •  • 

10000 

100*00 

...     100*03 

y.  With  3^  atoms  of  Wafej\ — 1.  When  a  concentrated  aqueous  solu- 
tion of  zinc-vitriol  containing  a  small  nuantity  of  free  acid  is  left  to  itself 
for  some  time,  it  deposits,  at  0° — hesides  crystals  of  the  hepta-hydrated 
salt — the  salt  y  in  opaque  rhombohedrons,  which  arc  ])ermaneiit  in  the  air 
and,  when  heated,  give  off  their  water  without  fusing.  (Anthon,  J.  pr, 
Chem,  10,  352;  comp,  Kane,  ^??7i.  Chim.  Phys,  72,  367.) 

Antlion. 

2ZnO 80-4     ....     :i5*99       ....         3600 

2S()*  80*0     ....     35*81       ....         30*19 

7H0     63*0     ....     28*20       ....         27*81 

(ZnO,80»  +  2Aq.)  +  (ZiiO,S03  +  5Aq.)        223*4     ....   10000       Z.       10000 

^.  Penta-hydrated. — 1.  A  solution  of  zinc- vitriol  evaporated  between 
40^  and  30%  becomes  covered  with  a  crust  consisting  of  this  salt.  (Sehind- 
ler.)— 2.  The  finely  pounded  hepta-hydrated  salt,  boiled  with  alcohol  of 
spicific  gravity  0*850,  yields  a  uuiform  pasty  mas-s,  which  afterwards 
solidifies  into  a  hard  crystalline  substance,  having  a  waxy  fracture. 
Entire  crystals  of  zinc-vitriol  immersed  in  cold  alcohol,  slowly  become 
opaque  throughout  their  whole  substance;  in  boiling  alcohol  the  change 
takes  place  immediately.  (Kiihn.) 

KUhn.  Schiiuller. 

(2)  (I) 

ZnO  40-2     ....     32-11         ....         3205)  ^. 

SO'    40-0     ....     31*95         ....         3103)       *  •         ^* 

5HO 45*0     ....     35*94         ....         36*92        ....        36 

ZnO,SO>-l-5Aq.      125*2    ....  10000        Z,      10000        Z.      100 
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f.  iSeop-AycIratoi.— Separates  from  the  aqueous  solntion  at  a  temperatare 
above  30^,  in  obliauo  rhombic  prisms.  A  crystal  of  the  ter-hydrated  salt 
heated  above  52°  Lccomcs  o})aque^  because  it  is  thereby  converted  into  an 
aggregate  of  small  crystals  of  tlie  scx-hydrated  salt.  (Mitsoherlich.)  The 
correction  mentioned  in  III.  238,  applies  here  also, 

S.  Hepta-hydrated. — Tho  ordinary  form  of  zinc-vitriol.  Separates 
from  tho  iiqucous  solution  at  temperatures  below  30"^  (86°  F).  Large, 
transparent,  colourless  prisms  belonging  to  the  right  prismatic  system. 
Fuj.  73  ;  m'  :  ?4  =  91°  7';  ?/'  :  m  =  135^  33';  u'  :  <  =  134^  27';  u' :  tkt 
face  above  it  =  128-  58';  y  :  m  =  1*20  ;  i  :t=  119"  25'.  Cleavage 
parallel  to  t.  (Brooke,  Ajm.  Phil  22,  437.)  Sp.  gr.  2036.  (Mohs.)  The 
crystals  effloresce  slightly  in  the  air;  at  100",  they  give  off  37*315  p.  c. 
(6  At.)  of  water,  and  afterwards,  when  heated  to  low  redness,  6  965  p.  c 
(KUhn.)  When  boiling  water  is  poured  upon  them,  they  decrepitate  and 
become  opaque.  (Schindler.)  ]  part  of  the  crystals  dissolves  in  0*923 
water  at  17 '5^  (63*5^  F.),  forming  a  solution  of  specific  gravity  1*4353 
(Karsten);  hot  wat^T  dissolves  a  larger  quantity.  Hot  alcoliolj  aiso^ 
even  if  absolute,  dissolves  a  trace.  (Kiihn.) 

Mitscherlich.  Thomson.  Ktihn. 

ZnO 40-2     ....     28-07)  ...„,  r28-95  ....  28*02 

SO*  40-0     ....     27-93/     ••■      ^^  ^*      *  '  127-64  ....  2770 

7H0 630     ....     4400       ....      4476      ....       4341  ....  44*28 

^nO,S03+7Aq.    143*2     ....  100*00       ....    10000      ....     100*^       ....     10000 

/.  Bistdphate  of  Zinc-oxide. — Obtained  by  accident.  Transparent, 
colourles.**,  oblique  rhombic  jmsuis.  Fig,  81,  with /-face  and  some  others, 
w'  :  «=1 1 1  ■';  i  :  ^d  or  ^^  =  106°;  i  :  /,  be/iind=^  1 18"^.  Fuses  when  heated, 
giving  off  water  containing  sulphuric  acid,  and  leaves,  on  ignition,  40  per 
cent,  of  monosulphatc.  Dissolves  with  difficulty  in  cold  water,  easily  in 
warm  water.  (Von  Kobell,  J.  pr.  CJiem,  28,  492.) 

Kobell. 

ZnO 40-2     ....     19*98         ....         20*00 

2S0' 80*0     ....     39-76        ....        39*66 

9H0 810     ....     40*26         ....         4034 

ZuO,2S(>^  +  9Aq....     201-2     ....  10000        Z       10000 

I.  SuLriiocARBONATE  OF  ZiNc. — Zinc-salts  give  with  an  aqueous 
solution  of  sulphocarbonato  of  calcium,  a  yellowish-white  precipitate, 
which,  on  drying,  becomes  pale  reddish-yellow  and  translucent.  (Ber- 
zelius.) 

K.  Sulphide  op  Phosphorus  and  Zinc. — Sulphide  of  zinc,  obtained 
by  precipitating  a  zinc-salt  with  hydros ulpliate  of  ammonia,  and  igniting 
the  precipitate  in  a  current  of  hydrosulphuric  acid  gas,  is  placed  in  the 
first  of  two  bulbs  blown  upon  a  glass  tube,  then  moistened,  by  means  of  a 
pipette,  with  liquid  protosulphido  of  phosphorus,  and  very  cautiously 
heated  in  a  current  of  hydrogen  gas,  till  tho  excess  of  sulphide  of  phos- 
phorus is  expelled.  If  the  red  mass  should  turn  white  from  heating  too 
strongly,  the  whole  must  be  left  to  cool  till  the  sulphide  of  phosphorus 
has  again  penetrated  the  mass,  and  then  the  heat  may  be  again  applied. 
(  Vid.  II.,  21.5.) — Fine  red  powder  of  the  colour  of  minium.  Resolved  by 
distillation  below  a  red  heat  into  sulphide  of  phosphorus  which  passes 
over  in  the  form  of  a  pale-yellow  liquid,  and  white  zinc-sulphide  which 
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ramains  behind.  Takes  fire  readily,  and  when  finally  heated  to  redness, 
leaves  ordinary  monophos])hato  of  zinc-oxide  in  a  state  of  fusion.  Dis- 
solves in  hydrochlorio  acid  with  copious  evolution  of  sulphuretted 
hydrogen,  and  separation  of  red  pulverulent  -l-sulphide  of  phosphorus. 
(Berzelios,  Ann*  Pkarm,  46,  150.) 

Berzeliui, 
2Zn8    96-4       ....      43-31         ....        45 


3P    94-2       ....       42-32) 

1-0      ....       14-37)       •  • 


55 


28 32 

2Z^SiP»S2  222-6      ....     100-00        ....      100 

Zinc  and  Selenium. 

A.  Selenide  op  Zinc. — These  elements  combine  but  very  imperfectly 
when  fused  together,  the  greater  part  of  the  selenium  volatilizing,  and  a 
mere  film  of  sulphur-yellow  selenide  of  zinc  being  formed  on  the  surface 
of  the  metal;  but  the  combination  takes  places  catjily  and  with  explosion, 
when  vapour  of  selenium  is  passed  over  ziuc  at  a  rod  heat. — ^Lemon- 
yellow,  pulverulent. — Cold  cfilute  nitric  acid  dissolves  the  zinc,  with 
evolution  of  nitrous  gas;  the  selenium,  which  separates  in  the  first 
instance,  is  afterwards  dissolved,  on  the  application  of  heat,  in  the  form  of 
aelenions  acid.  (Berzelius.) 

Hydraied  Selenide  of  Zinc,  or  HydroseJeniate  of  Zinc-oxide, — Aqueous 
hydroseleniate  of  potash  gives  with  zinc-salts  a  palc-rcd  precipitate, 
which,  on  exposure  to  the  air,  assumes  a  darker  red  colour  from  decompo- 
sition of  the  hydroselenic  acid;  it  is  insoluble  in  water.  (Berzelius.) 

B.  Selenite  op  Zinc-oxide. — Monoseleniie,  White  powder,  inso- 
luble in  water.  When  heated,  it  gives  off  water,  and  fuses  to  a  yellow 
transparent  liquid,  which  on  cooling  forms  a  white  mass,  having  a 
crystalline  fracture.  At  a  low  white  lieat,  it  enters  into  ebullition,  and 
18  converted,  with  sublimation  of  sclenious  acid,  into  an  infusible  basio 
salt,  no  longer  decomposible  by  heat. 

Mnspratt* 

ZnO    40-2    ....     49-12 

8e02   56-0    ....     35-08 

2H0    180     ....     15-80        ....         16-66 

ZnO,  8eO  +  2  Aq.        114-2    ....  10000 

b.  Biselenite. — By  dissolving  a  in  selenious  acid.  Transparent, 
fissured,  gummy  mass,  easily  soluble  in  water.  (Berzelius.) 

1"  e,  QuadroieUnite, — When  clean  zinc-turnings  or  plates  of  zinc  aro 
immersed  in  a  somewhat  concentrated  a(]ucous  solution  of  selenious  acid, 
the  metal  soon  becomes  covered  with  a  thin  red  layer  of  reduced 
selenium,  and  a  solution  is  formed  containing  quadroselcnite  of  zinc-oxide. 
This  solution,  when  evai>orated  to  a  syrupy  consistence  in  vacuo  over  oil 
of  vitriol,  and  then  left  at  rest  for  about  a  week,  yields  the  salt  in  large 
yellow  crystals  very  much  like  those  of  monochromate  of  potash.  Oblique 
rhombic  prisms,  having  their  terminal  edges  and  frequently  also  the  obtuse 
lateral  edges  replaced  by  planes:  generally  associateu  in  macled  crystals. — 
Permanent  in  the  air,  soluble  in  water.  Solution  colourless;  has  a  strong 
sour  taste;  not  decomposed  by  acids.  Becomes  turbid  when  heated,  tho 
salt  being  resolved  into  selenious  acid  and  neutral  zino-sclenite.    A 
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ciystal  lieatcnl  to  30~  or  40^  undergoce  the  same  change,  becoming  white 

and  t){>aqiie ;  on  incrrnsin<^  the  heat,  the  crystal  fuscs^  and  is  resolved 

into  wator  wliich  Ji^til>  over,  selenioue  acid  which  sublimes,  and  a  neutral 

or  basic  i;alt  which  rcni:iin!«  beliind. 

Wohler. 

ZnO  40-2       ....       13-97         ....  14*86 

iS.o:    2240       ....       76  72         ....         7603 

3110 270       ....         y'31         ....  910 

~ZuC),  4  StO-TSAq 291-2       ....     10000         Z         9999 

May  be  roirarded  a.-*  a  tlouble  eelenite  of  zinc  and  water :  thus— 

Zn0.4SoO=-r3IiO  =  ZiiO,  SeO=  +  3HO,  ScO^. 
(Wohler,  Ann.  rharm.  5^,  270.)  ^ 

C.  Si:i.ENiATn  OF  Zinc-Oxide. — ZuO,ScO'-f-7Aq.  The  crystals  of 
thi:j  >alt,  which  helon^  to  the  ssquare  prismatic  system,  are  isomorphous 
with  those  of  .sulphate  and  !?elcniate  of  nickel-oxide.  Fig,  37;  €  :«*= 
138'  r»3';  cleavajLTc  parallel  to  the  truncation-face/).  (Mitschcrlich,  Pog^. 
12,  144.) 

Zinc  .\nd  Iodine. 

A.  loniDK  OP  Zinc. — Zinc  and  iodine  combine  readily  and  with 
slight  evitlutiou  of  boat,  prmlucing  a  colourless,  easily  fusible  substance, 
which,  when  hoatod,  sublinie:^  in  beautiful  four-sided  needles.  (Gay-Lussac.) 
From  an  atpuous  solution  evaporated  by  heat,  and  afterwards  cooled,  the 
iodide  of  zinc  M'paratos  in  octohedrons  (Berthemot,  J.  Pharm,  14,  610); 
and  by  ^low  ovapoiation  over  oil  of  vitriol  in  a  receiver  containing  air,  it 
cryjitallizcs  in  anhydrous  cubo- octohedrons.  (Kammelsberg,  Pogg.  43,  665.) 
\\  hen  heated  in  the  air,  it  gives  oft'  iodine  vapour,  and  is  converted 
into  t»xido  of  zinc.  (Gay-Lussac.)  When  exi>osed  to  the  air  at  ordinary 
temporatuics,  it  absorbs  water  and  oxygen,  and  is  decomposed.  (Buckner, 
Jitp'i't.  <)(»,  204.)  With  oil  of  vitriol  it  yields  sulphurous  acid,  iodine, 
and  sul])Iiate  of  zinc-oxide.  With  the  iodides  of  the  alkali-metals,  it 
forms  rai>idly  deliquescent  crystals. 

Rammelsberg. 

Zn 32-2       ....       20-35         ....         20*347 

1    12G0       ....       79-03 

Znl    158-2       Z     10000 

Aqfttoua  /oJiJe  of  Zinc  or  llydriodate  of  Zinc-Oxide, — Iodide  of  zinc 
deli(iue.»Jcos  in  the  air.  The  same  solution  is  formed  by  keeping  zinc  and 
iodine  ininierseil  in  water  till  the  liquid  loses  its  colour. — Colourless, 
somewhat  acid  li(iuid,  cimtalning  24  i>er  cent,  of  zinc-oxide  to  76  per  cent, 
of  hydriodic  acid.  (Gay-Luss:ic.)  The  highly  concentrated  solution 
[overcharged  with  oxide  (]  when  diluted  with  water,  deposits  hydrated 
zinc-oxide  free  from  iodine.  (Rammelsberg.) 

B.  OxY-ioDiDE  OF  Zinc. — If  the  liquid  obtained  by  long  digestion  of 
zinc  with  iodine  and  water,  be  filtered  hot,  it  becomes  turbid  on  cooling, 
and  deposits  this  compound.  (W.  Miiller,  J,  pr,  Chem.,  26,  441.) 
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C.  Aq^i^uB  Blniodide  of  Zinc  or  Hydnodite  of  ZlneoTuU. — The 
aqaeoQB  eolation  of  protio<iide  of  zinc  disiisolves  as  niucb  iodine  as  it 
already  contains,  and  acquires  a  brown  colour.  (Baap.) 

D.  Iodide  of  Zinc-oxide  f — Zinc-oxide  heated  to  200^  in  contact  with 
iodine,  takes  up  a  certain  quantity  of  that  substance^  but  gives  it  up  again 
on  being  treated  with  an  acid.  (Urouvelle.) 

£.  loDATE  OF  Zinc-oxide  or  Zinc-iodate. — Aqueous  iodic  acid  acts 
upon  zinc  with  cfiervesconco  at  first,  but  tlie  effcnresccnce  soon  ceases  in 
consequence  of  the  formation  of  a  ditiicultly-soluble  salt.  (Connell, 
iVl  Edinb.  Phil,  •/.!!,  72.)  Iodic  acid  and  iodatc  of  potish  precipitate 
zinc-sulphate  after  a  while.  (Pleischl.)  — The  salt  is  prepared  by  mixiug  a 
solution  of  1  At.  ordinary  zinc-sulphate  with  1  At.  iodate  of  soda,  evapo- 
rating to  dryness,  and  extracting  the  sulpliate  of  soda  with  water. 
(Rammelsberg,  Pogg.,  44,  563.) — Small  crystalline  grains,  or  crystalline 
powder.  When  heated,  it  gives  off  iodine  vapour  and  oxygen  gas,  and 
yields  a  sublimate  of  somewhat  needle-shaped  iodide  of  zinc,  leaving  a 
residue  of  zinc-oxide,  mixed  with  a  very  small  quantity  of  iodide  which 
may  be  extracted  by  water.  (Rammelsberg.)  Fuses  and  detonates 
slightly  on  red-hot  coals.  (Berzelius.)  Dissolves  in  114  parts  of  water  at 
15%  and  in  76  parts  of  boiling  water.  Soluble  in  nitric  acid  and  in 
ammonia.  (Rammelsberg.) 


Cryitallized,  Rammelsberg. 

ZnO 40-2       ....       17-93) 

lO»   1660       ....       7404[         • 

2H0     180       ....         803         ....  8-22 


91-78 


ZiiO,IO*  +  2Aq 224-2       ....     10000         ....        lOO'OO 


Zinc  and  Bromine. 

A.  Bromide  OP  Zinc. — Zinc  and  bromine  do  not  combine  even  when 
the  metal  is  heated,  and  the  bromine  droj)pe<l  upon  it.  (Lowig.) — 1.  The 
bromide  is  obtained  by  passing  bromine  vapour  over  red-hot  zinc  till  the 
metal  is  converted  into  a  colourless  liquid.  (Bertlieniot.) — 2.  By  dissolving 
zinc  in  aqueous  hydrobromic  acid,  the  solution  being  attended  with  evolu- 
tion of  hydrogen.  (Balard) — evaporating  to  dryne.s.«9 — and  subliming  the 
residue.  (Lowig.) — Sublimes  in  white  needles,  which  fuse  into  a  light 
yellow  liquid  (Lowig);  colourless,  accordinij^  to  Bertlieniot.  Taste,  sweet 
and  styptic.     Decomposed  by  nitric  acid.  (Berthemot.) 

Berthemot. 

Zn  32-2       ....       29-11  29*25 

Br   78-4       ....       70-89         70-75 

"ZnBr  nO-e       ....     10000         100-00 

HydraUd  Bromide  of  Zinc  or  Hydrohromnte  of  Zinc  oxide, — Bromide 
of  zinc  deliquesces  rapidly  in  the  air  (Lowig),  and  becomes  strongly 
heated  by  contact  with  water.  (Berthemot.)  The  colourless  solution 
yields  small  crystals  on  evaporation.  (Lowig.)  When  evaporated  till  a 
film  of  salt  forms  on  its  surface,  it  solidifies  in  a  mass  of  indistinct  crystals 
on  cooling.  (Berthemot.)  When  evaporated  in  vacuo,  it  does  not  yield 
crystals,  but  solidifies  to  a  very  deliquescent  mass,  presenting  an  appear- 
ance of  efflorescence  on  the  surface.  (Rammelsberg.) — Bromide  of  zino 
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dismlrcs  in  ammonia,  hydrochloric  acid,  acetic  acid,  alcohol,  and  ether. 
(Berthoniot.) 

Bromine- water  elowlj  dissolves  a  small  qaantity  of  sine-oxide;  thtf 
solution  ha8  no  bleaching  |K)wcr,  but  contains  bromide  of  zinc  and  bromate 
of  zinc-oxide.  (Balard,  J,  pr.  Chem,,  4,  177.) 

B.  Bromate  or  Zinc-oxide,  or  ZimoBromate. — By  dissolving  car- 
bonate of  zinc-oxide  in  atjueous  bromic  acid,  and  evaporating,  octohodrons 
with  cube-faces  are  obtained,  which  arc  permanent  in  the  air.  The 
crystal.^  effloresce  in  vacuo  over  oil  of  vitriol.  They  fuse  at  100®,  but 
do  not  ]>art  with  all  their  water  of  crystallization  till  they  are  heated  to 
200  ,  at  which  temperature,  moreover,  they  are  completely  resolved  into 
l>rominc  vapour,  oxygen  gjis,  and  very  loosely  coherent  oxide  of  zinc.  They 
dissolve  in  their  own  weight  of  cold  water.  (Rammelsberg,  jPo^^.  52,  90.) 


ZnO    

Br()5   

6HO   

40-2 

118-4 

54-0 

....     18-91 
....     55-69 
....     25-40 

•  ••• 

•  ••• 

RammeUberg. 
16-44 
58-31 
25-25 

ZnO,  BrO*  +  6Aq. 

212-6 

....  100-00 

•  ■■• 

100-00 

Zinc  and  Chlorine, 

A.  CiiLORiDE  OP  Zinc. — Jenifer  of  ZinCj  Butyrum  Zinci. — 1.  Thin 
lamina)  of  zinc  introduced  into  chlorine  gas  at  ordinary  temperatures 
burn  with  a  white  light  and  form  chloride  of  zinc,  (rf  Davy.)  Zinc 
heated  nearly  to  its  melting  point  in  a  current  of  dry  chlorine  gas,  absorbs 
the  chlorine,  with  vivid  emission  of  sparks.  (Berzelius.) — 2.  The  chloride 
is  also  formed  by  heating  1  part  of  zinc  fdings  with  2  parts  of  corrosive 
sublimate.  (Pott.) — .*J.  \\y  evaporating  to  dryness  an  aqueous  solution  of 
zinc-chloride  pre}>are»l  as  described  below,  and  heating  the  residue  to 
redness  in  a  glass  tube  with  narrow  aperture.  (J.  Davy,  Schw.  10,  331.) 
At  the  very  high  temperature  rejpiired  to  dehydnito  the  salt  completely, 
liydnK'hloric  acid  is  driven  ofl*,  and  a  ])ortion  of  zinc-oxide  remains  mixed 
with  the  chloride.  (Mousson,  Ann.  Chim.  Phy$,y  (j9,  240.) — 4.  By  evapo- 
rating the  solution  to  dryness,  and  heating  the  residue  in  a  retort  till  the 
chloride  of  zinc  distils  over.  (Pott,  Bnindt.) — 5.  By  distilling  1  part 
of  zinc-oxide  with  2  parts  of  sal-ammoniac,  the  receiver  being  charged 
nftc.T  a  while.  (Lesiige.) — 6.  By  distilling  dehydrated  zinc-vitriol  with 
its  own  weight  of  common  salt.     (Crell  Chem,  «/.,  1,  116.) 

Whitish-grey,  semi-transparent,  soft  like  wax;  fuses,  according  to 
II.  Davy,  somewhat  above  100°;  according  to  J.  Davy,  just  below  dull 
redne.'^s,  and  on  cooling  becomes  first  viscid,  and  then  solid.  Sublimes  in 
white  needles  at  a  white  heat.  Has  a  burning  and  nauseating  taste  even 
when  dilute.  (Papengutli.) — When  heated  in  phosphuretted  hydrogen  gas, 
it  yields  hydrochloric  acid  gas  and  phosphide  of  zinc.  (H.  Rose.) — With 
cohl  oil  of  vitriol,  it  suddenly  gives  off  all  its  hydrochloric  acid,  and 
leaves  sulphate  of  zinc-oxide.  (A.  Vogel.)  Forms  definite  compounds 
with  sal-ammoniac  and  chloride  of  potassium. 

J.  Davy. 

Zn 32-2     ....     47*63     ....     50 

CI 35-4     ....     52-37     ....     50 

ZnCl...    67-6    ....  100-00    ....  100  67*6    ....  10000    ....  lOOOO 


Ot! 

Wensel. 

ZnO 

40-2 

....    59-47    ....    57-56 

Cl-O.... 

27-4 

....     40-53     ....     42-44 

OXYCIILORIDE  OF  ZINC.  31 

HifdraUd  Chloride  of  Zinc  or  Ilydf^ochlorate  of  Zinc-oxide. — Chloride 
of  zinc  deliquesces  in  the  air. — Zinc  dissolves  in  aqueous  hydroclilorio 
acidy  bjdrogen  gas  being  evolved  and  a  colourless  solution  formed. 
(Sch.  0.)  A  solution  of  zinc-sulphate  may  also  be  precipitated  by 
chloride  of  calcium,  the  filtrate  concentrated  by  evaporation,  and  the 
remaining  liquid  separated  from  the  precipitated  ^ypuum.  (Papcngath, 
Sckw,  Ann.  2,  143.) — The  solution,  evaporated  to  a  syrupy  consistence, 
and  mixed  with  a  small  onantity  of  strong  hy<lrochloric  :icid  (l>eoause  it 
givefl  off  some  of  its  aciu  during  the  evaporation)  yields  small,  highly 
deliquescent  octohedrons.  (Schindlcr.) 

CryttalliMed.  8chindler. 

Zn    .32*2       ....       42-04  ....  3980 

CI  35-4       ....       4fi-21  ....  43*81 

HO    9-0      ....       1175  ....  l«-39 


ZnCl  +  Aq    76-6       ....     10000        ....       10000 

Protoxide  of  tin,  hydratcd  oxide  of  lead,  and  protoxide  of  mercury, 
added  to  a  boiling  aqueous  solution  of  hydrochloratn  of  zinc-oxide,  preci- 
pitate all  the  zinc  in  the  form  of  oxychloride.  (Dcmar9ay,  Ann.  Phar. 
11,  251.) 

B.  OxTcnLORiDE  OP  Zinc  or  Basic  HYPRocnLORATEOP  Zixc-Oxide. 
^-«.  When  aqueous  chloride  of  zinc  is  evaporatetl  to  a  syrupy  consi.s- 
tcnco,  hydrochloric  acid  is  given  off;  and  tho  syrup,  on  «ub.sequcnt  cool- 
ing, solidifies  in  a  gelatinous  mas.^,  ])ro1)al>ly  from  sc])aration  of  a  still 
more  basic  salt,  which  always  re-«lissolves  when  heated.  Water  added  to 
the  syrup  throws  down  a  white  bulky  precipitate,  and  the  filtered  liquid 
gives  a  precipitate  with  tincture  of  galls.  (Schindlcr.)  A  similar  solution 
precipitable  by  water  is  obtained  by  saturating  warm  concentrated  hydro- 
chloric acid  with  oxide  of  zinc. 

h.  ZnC],dZnO.  —  1.  Formed  by  boilinir  a  concentrated  solution   of 

chloride  of  zinc  with  oxide  of  zinc,  and  filtering;  the  compr»und  i«  dey>o- 

sited  on  cooling. — 2.   By  precipitating  hydroclilorate  of  zinc-oxi<le  with 

an  insufficient  (junntity  of  ammonia,  and  digo.<sting  the  precipitate  in  the 

liquid.      By  (1)  fine  pearly  octohedrons;    by  (2)  noft,  white  powder. 

Dissolves  sparingly  in   water,  more  abundantly  in   n<jucous  chloride  of 

zinc,  cosily  in  acids  and  in  caustic  ammonia  or  potatih.  (Schindlcr,  J/ay. 

rharm.  36,  45.) 

Schindler. 

ZnCl   67-6      ....      .32-78        32*5 

8ZnO  120-6       ....       5849         68-8 

2HO    180       ....         8-73         8*7 


ZnCl,3ZnO  +  2A(| 20G-2       ....     lOOOU        1000 

The  compound  analyzed  by  Schindlcr  appears  to  have  been  dried  at  lOO"; 
the  compound  drio<i  at  38°  contains  4  At.  water.  (Kane.) 

f.  ZnCl,0ZnO.— 1.  Separates  in  the  decomi)ositi()n  of  NIP,ZnCl  or 
of  NH\2ZnCl  by  water.  —  2.  Precipitated  cm  adding  ammonia  to  the 
aqueons  solution  of  chloride  of  zinc,  till  a  portion  of  the  precipitate  in 
re-dissolved. — White,  tasteless  powder,  insoluble  in  water.  Given  ott* 
water  and  chloride  of  zinc  when  ignited,  an<l  leaves  a  residue,  from 
which  water  extracts  chloride  of  zinc,  leaving  a  compound  containing  a 
larger  proportion  of  oxide.  (Kane,  Ann.  Chim.  Phys.  72;  296.) 


32  ZINC. 


Dried  at  82°. 

Kane. 

ZnCl   

67-6 

•  ••» 

18C3 

1913 

6ZnO 

241-2 

•  •■• 

66-48 

65-85 

6HO  

54  0 

•  •  •  • 

14-89 

1502 

ZnCL6ZnO  +  6Aq 

3G2'8 

•  ••• 

100-00 

10000 

Tho  compound,  when  dried  at  ordinary  temperatures,  contains  23*5  per 
cent.  (10  At.)  of  water;  when  dried  at  a  high  temperature,  it  absorbs 
from  the  air  1 5  i>er  cent.  (4  At.)  of  water,  which  cannot  be  driven  oat 
at  100°.  (Kano.) 

d.  ZRGl,9ZnO. — 1.  Precipitated  on  diluting  the  syrup  a  with  water. 
—2.  ])y  precipitating  aqueous  zinc-chloride  with  an  insufficieut  quantity 
of  ammonia  and  filtering  immediately:  the  compound  thus  formed  con- 
tains, however,  a  small  quantity  of  ammonia.  (Schindler.) — 3.  By  adding 
f potash  to  aqueous  zinc-chloride,  till  the  mixture  begins  to  exhibit  an  alka- 
ine  reaction.  (Kano.) — Very  soft,  white  powder.  Not  perfectly  freed  from 
chlorine  by  boilini;:  with  carbonate  of  potash.  Converted  into  the  compound 
h  by  digestion  with  aqueous  zinc-chloride.  Insoluble  in  water,  less 
Bohible  in  ammonia  than  b,  but  easily  soluble  in  acids.  (Schindler.) 


ZnCl  67-fi 

9ZnO 381-8 

3H0   27-0 


Schindler. 

14-81 

14-41 

79-27 

79-88 

5-92 

5-71 

ZuCl,9ZnO  +  3Aq 456-4       ....     10000         10000 

The  salt  obtained  by  (3)  contains  5-92  per  cent,  of  chlorine,  and  22-68 
(14  At.)  water;  after  perfect  drying,  it  absorbs  4  atoms  of  water  from 
the  air. 

C.  Hypochlorite  op  Zinc-oxide  or  ZiNC-nYPOcnLORrrs. — The  solu- 
tion of  zinc-oxide  in  aqueous  hypochlorous  acid,  decomposes  sponta- 
neously, if  it  contains  excess  of  acid,  into  chlorine  gns,  chloride  of  zinc, 
and  chlorate  of  zinc-oxide;  and  even  when  the  zinc-oxide  is  in  excess, 
the  solution  cannot  be  evaporated  without  decomposition.  When  heated, 
it  gives  off  hypochlorous  acid,  ])robably  mixed  with  a  small  quantity  of 
free  oxygen,  and  deposits  a  white,  pearly  oxychloridc,  which  decomposes 
spontaneously  into  chloride  of  zinc,  chlorate  of  zinc-oxide,  oxygen  gas, 
and  a  small  quantity  of  chlorine  gas.  (Balard.)  Zinc-vitriol  mixed  with 
excess  of  hypochlorite  of  lime,  gives  a  precipitate  consisting  of  zinc-oxide 
and  sulphate  of  lime,  and  a  liquid  which  contains  no  zinc-oxide,  but 
hypochlorite  of  lime  witli  excess  of  acid.  (Balard.) — I  At.  chlorine  in 
the  state  of  aqueous  solution  dissolves  1  At.  oxide  of  zinc.  Tho  trans- 
parent and  colourless  solution  bleaches  tincture  of  indigo  strongly,  even 
after  a  quarter  of  an  hour's  boiling.  (Grouvellc,  Ann,  Chim.  Phys,  17, 
37.)  The  solution  is  resolved  by  distillation  into  hypochlorous  acid, 
which  passes  over  in  small  quantity,  chloride  of  zinc  which  remains  dis- 
solved, and  oxychloride  of  zinc  which  separates  in  the  solid  state. 
(Balard.) 

D.  Chlorate  OF  Zinc  oxide  or  Zinc-chlorate. — 1.  Formed  by  dis- 
solving carbonate  of  zinc-oxide  in  aqueous  chloric  acid.  Metallic  zino 
dissolves  in  the  acid  without  any  [or  with  slight]  eflervesceuce,  and 
forms  hydrochl orate  and  chlorate  of  zinc-oxide. — 2.  ^y  passing  gaseona 
fluoride  of  silicium  through  water  in  which  finely  divided  carbonate  of 
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&no-oxide  is  diffused — boiling  the  filtered  liquid  witb  an  equivalent 
aaantity  of  chlorate  of  potash — and  filtering  from  the  precipitated  silico- 
flooride  of  potassium.  (0.  Henry,  J,  P harm.  25,  269.) — Chlorate  of  zinc- 
oxide  crystallizes  apparently  in  octohedrons;  tastes  very  rough. — When 
thrown  on  red-hot  coals^  it  is  decomposed,  with  a  yellowish  light,  but 
without  actual  detonation.  In  contact  with  sulphuric  acid  it  assumes  a 
yellowish  colour,  and  emits  an  odour  of  chloric  oxide,  but  does  not  preci- 
pitate a  solution  of  nitrate  of  silver.  Soluble  in  water  and  alcohol. 
iVanqnelin,  iiwn.  Chim.  95.  113.)— Contains  ZnO,C10*-h6Aq.  (Wachter, 
\pr.  Chem.  30^321.) 

£.  Perchlorate  of  Zinc-oxide  or  Zinc-perculorate.  —  1.  By 
pzecipitating  perchlorate  of  baryta  with  zinc-vitriol,  and  concentrating 
fcy  evaporation.  (Serullus,  Ann,  Chim,  Fht/s,  46,  305.) — 2.  Obtained  like 
chlorate  of  zinc-oxide,  method  2.  The  carbonate  of  zinc  precipitated  by 
excess  of  carbonate  of  soda  from  5  parts  of  zinc-vitriol,  is  to  be  treatea, 
after  conversion  into  silico-fluoride  of  zinc,  with  4  parts  of  perchlorate 
of  potash.  The  filtrate,  when  evaporated  to  a  syrup,  and  then  loft  in  a 
warm  place,  deposits  crystals.  (0.  Henry.)  —  Prisms  united  in  tufts; 
deliqaesoent;  soluble  in  alcohol.  (Serullas.) 


Zinc  and  Fluorine. 

A.  Fluoride  of  Zinc. — Hydrofluate  of  potash  mixed  with  solution 
of  sine-vitriol  produces  a  gelatinous  precipitate,  which  by  drying  is  con- 
verted into  a  white  tasteless  powder.  The  same  compound  is  obtained 
by  digesting  aqueous  hydrofluoric  acid  with  excess  of  zinc.  (Gray-Lussac 
and  Ih^nard.)  From  its  solution  in  aqueous  hydrofluoric  acid,  this  com- 
pound separates,  on  evaporation,  in  small,  white,  opaque  crystals,  having 
the  taste  of  zinc-salts.  It  dissolves  sparingly  in  puro  water,  somewhat 
more  freely  in  water  containing  hydrofluoric  acid,  and  likewise  in  nitric 
or  hydrochloric  acid;  easily  in  aqueous  ammonia.  With  the  fluorides  of 
the  alkali -metals,  it  forms  colourless,  sparingly  soluble  compounds. 

Aqueous  Hydrofluate  of  Zinc-fluoride  or  Acid  Hydrofluate  of  Zinc- 
oxide. — Fonned  by  dissolving  fluoride  of  zinc  in  aqueous  hydrofluoric 
acid,  or  by  dissolving  zinc  in  excess  of  aqueous  hydrofluoric  acid,  the 
reaction  being  attended  with  evolution  of  hydrogen.  (Sclieele,  Gay- 
Lussac  and  Thenard.) 

B.  Fluoboride  of  Zinc  or  Hydrofluate  of  Boracic  acid  and 
Zinc-oxide. — ZnF,BF^ — By  dissolving  zinc  in  aqueous  hydrofluoboric 
acid  (II,  364)  till  no  more  hydrogen  is  evolved  at  ordinarv  temperatures. 
The  solution,  when  evaporated,  leaves  a  syrup,  which  solidifies  on  cooling 
and  deliquesces  when  exposed  to  the  air. 


Zinc  and  Nitrogen. 

A.  Nitride  of  Zinc? — A  long  glass  trough  contains  water  and 
pieces  of  sal-ammoniac;  into  one  end  of  this  trough  there  dips  a  platinum 
wire  connected  with  the  negative  pole  of  a  six-pair  Grovels  battery; 
into  the  other,  a  ball  of  zinc  connected  with  the  positive  pole.  A  spongy, 
foliated  massi  of  the  colour  of  graphite,  then  collects  on  the  negative 
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wire;  this  ina«s  arrows,  and  rises  to  the  Rurfaco  from  the  buoyancy  of  the 
adherin>(  gas-bubblcs.  When  wai^h'.'d  Avith  water  on  the  filter,  and  then 
dried  at  a  gentle  heat,  it  appears  grey,  without  metallic  lustre;  has  a 
density  of  4*G,  and  conducts  electricity. — 5  grains  of  this  substance  yield| 
when  ignited,  0*73  cub.  in.  of  a  mixture  of  between  3  and  4  vol.  nitrogen 
gas  to  1  vol.  hydrogen.  The  last  portions  of  gas  evolved  appear  to 
consist  chiefly  of  hydrogen,  derived  apparently  from  the  decomposition 
of  the  adhering  water:  for  moisture  is  likewise  deposited  in  the  tube. 
The  ]£^ited  residue  exhibits  contraction,  but  without  change  of  colour.—- 
Nitride  of  zinc  dissolves  like  zinc  in  aqueous  acids,  but  the  hydrogen 
evolved  contains  a  small  quantity  of  nitrogen.  (Grove,  Phil.  Mag.  J,  19, 
9S;  also  Pogg.  54,  101.) 

B.  NitrateofZinc-oxide,  or  ZiNO-NiTRATE.— a.  Octohasic. — Formed 
by  heating  the  salt  c  till  it  becomes  nearly  solid.  (Grouvelle,  Ann.  Chim, 
Fhys,  19,  137.)  The  salt  c,  when  hoateil  till  part  of  the  acid  is  driven 
off,  retains  its  transparency  at  first.  [The  mass  dissolves  partially  on 
cooling,  leaving  a  white  residue  consisting  of  a  basic  salt.]  If  a  larger 
quantity  of  acid  be  driven  ofiT,  the  melted  mass  appears  turbid  ;  and  if 
treated  with  water  after  cooling,  leaves  a  yellowish  residue,  consisting 
of  the  salt  a,  (Schindler.) — 2.  By  precipitating;  the  salt  c  with  an  insuf- 
ficient quantity  of  ammonia.  (Grouvelle.)  The  precipitate  contains  a 
small  quantity  of  ammonia.  (Schindler.) 

Groavellc  (1.)  Schindler  (1.)  Groavelle  (2.) 

81-69       ....       81-70       ....       7813 

13-75       ....       13-76      ....       1313 

4»56       ....         4-54       ....         8-74 


8ZnO 

321'6     .. 

..     81-71 

NO* 

54-0     .. 

..     13-72 

2H0    

18-0     .. 

4-57 

8ZuO,NO*  +  2Aq.     3936     ....  lOO'OO       ....     10000       ....     100-00       ....     lOO'OO 

The  salt  obtained  by  (2)  contains  4  At.  water.  (Grouvelle.) 

h.  Quadrobasic,  The  salt  a  digested  with  the  solution  of  c  swells 
up^  turns  white,  and  forms  a  loose  powder  when  dry.  (Schindler.) 

Schindler* 

4ZnO 160-8      ....       69*07        68-90 

NO»    540       ....       2319         23-41 

2H0   18-0      ....        7-74        7-69 

4ZnO,NO*  +  2.\q 232*8       ....     10000         ZZ       10000 

The  aqueous  solution  of  c,  boiled  with  oxide  of  zinc,  does  not  take  op 
any  of  that  compound.  (Schindler.) 

IT  Gerhardt  has  obtained  a  basio  nitrate  of  zinc-oxide  which  crystal- 
lizes in  prismatic  needles,  and  contains  4ZnO,NO*-)-3HO«  {J,  Piarm, 
S*  ser,  12,  Gl.)  IT. 

c.  Mononitrate.  Nitric  acid  rapidly  dissolves  zinc,  producing  great 
heat,  and  evolving  nitrogen,  nitrous  oxide,  and  nitric  oxide.  (II.  374  and 
397.)  The  salt  crystallizes  from  very  concentrated  solutions  in  trans- 
parent, colourless,  fattened,  striated,  four-sided  prisms,  with  four-sided 
summits  :  it  has  a  styptic  taste.  Fuses  when  heated,  and  at  100''  gives 
ofiT  28  p.c.  (3  At.)  water;  the  remaining  3  atoms  are  not  evolved  till  a 
temperature  is  attained  at  which  the  nitric  acid  itself  is  driven  off. 
(Graham.)  The  acid  is  first  evolved  in  its  entire  state,  together  with 
the  water;  afterwards  in  the  form  of  hyponitric  acid  rapour  and  oxygen 
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gas.  (ScliiDdler.)  Detonates  with  a  red  flame  on  glowing  coals.  Deli* 
qnesces  in  the  air;  dissolves  readily  in  water  and  alcohol.  Hydrated 
oxide  of  lead  boiled  with  the  solntion  precipitates  the  zinc  completely  in 
the  form  of  a  basic  salt.  (Deniar^ay.) 


ZnO 
NO» 
6HO 


Ctyiiallized, 

Graham. 

Schindler. 

40-2     ....     2712 

26-94 

....       25-6 

54-0     ....     36-44 

•  •••         t)4  0 

640     ....     36-44 

....         tjtt  if 

2nO,NO*  +  6Aq.      148-2     ....  lOO'OO         ....     100*0 

According  to  Graham  {Ann,  Pharm,  29,  17)  and  Millon  {Compt. 
rend,!  4,  905),  the  crystals  contain  6  At.  water;  Schindler*s  analysis 
gives  7  atoms. 

C.  Zinc-oxide  with  Ammonia. — 1.  Hydrated  zinc-oxide  dissolves 
easily  in  aqueous  ammonia.  The  ignited  oxide  does  not  dissolve  at  all 
in  ammonia,  according  to  Firnhaber;  according  to  Schindler,  it  is  but 
very  sparingly  soluble,  but  its  solubility  is  greatly  increased  by  traces  of 
different  ammonia  and  potash  salts.  The  most  efficient  salts  in  this 
respect  are  the  phosphates;  then  follow  the  arson iates,  hydrochlorates, 
sulphates,  nitrates,  acetates,  carbonates,  tartrates,  citrates,  and,  lastly, 
the  sulphites.  Succinic  and  benzoic  acid  favour  the  solution  only  when 
the  ammonia  is  very  dilute ;  borucic,  hydriodic,  chloric,  arsenious,  oxalic^ 
and  gallic  acid,  when  di<^csted  with  zinc-oxide  and  ammonia,  do  not  pro- 
mote the  solution  of  the  oxide,  but  combine  with  it,  together  witn  a 
small  quantity  of  ammonia.  For  instance,  on  adding  to  ammonia  in 
which  zinc-oxide  is  diffused,  a  few  drops  of  phosphate  of  ammonia  or 
potash,  the  zinc-oxide  is  immediately  dissolved,  especially  if  heat  be 
applied.  (Schindler.)  Hence  may  perhaps  be  explained  the  fact  observed 
by  Firnhaber  {Schw.  42,  246),  viz,  that  zinc-oxide  precipitated  by 
ammonia  from  a  solution  of  the  sulphate  [the  precipitate  contains 
sulphuric  acid],  dissolves  readily  in  ammonia,  even  after  ignition. — 
2.  Zinc  immersed  in  ammonia  and  placed  in  contact  with  iron  dissolves 
slowly,  with  evolution  of  hydrogen,  and  forms  the  compound  under  con- 
sideration. (Runge.)  By  this  process,  without  any  atlmixture  of  acid, 
a  highly  concentrated  solution  may  be  obtained;  100  parts  of  such  a 
solution,  which,  after  the  removal  of  the  metallic  iron  and  zinc,  had 
already  deposited  crystals  of  hydrated  zinc  oxide,  was  found  to  contain 
3*95  parts  (I  At)  zinc-oxide  to  7*68  parts  (rather  more  than  4  At.) 
ammonia.  (Schindler.)  The  zinc  likewise  dissolves  without  the  presence 
of  the  iron,  but  more  slowly.  The  solution  is  colourless;  if  concentrated, 
it  becomes  turbid  on  dilution  with  a  considerable  quantity  of  water.  The 
solution  obtained  by  (2)  may  be  mixed  with  15  times  its  bulk  of  water 
without  producing  turbidity,  but  with  a  larger  quantity  of  water,  it 
gives  a  coagulated,  and  with  a  still  larger  quantity,  a  pulverulent  preci- 
pitate. (Schindler.)  The  solution  (1),  when  it  evaporates  in  the  air, 
yields  needles  [probably  consisting  of  c-arbonate  of  zinc-oxide  and 
ammonia],  and,  when  evaporated  in  the  sand-bath,  leaves  an  inodorous 
mass,  soluble  in  water,  and  evolving  ammonia  when  treated  with  potash. 
(Wittstein,  Kepert,  51  y  60.)  The  solution,  when  evaporated,  loaves  oxide 
of  zinc  containing  small  quantities  of  ammonia  and  carbonic  acid. 
(Bonnet.)  Baryta,  strontia,  and  lime-water  added  to  the  solution  throw 
down  a  portion  of  the  zinc-oxide  in  combination  with  the  earthy  alkali. 
(Berselim.) 
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D.  Carbonate  op  Zinc-oxide  and  Ammonia.  —  Zxnea-ammonic 
Carbonate. — a.  1.  Zinc-filings  and  oxido  of  zinc  dissolve  readily  in 
aqueous  carbonate  of  ammonia,  the  former  with  brisk  effervescence,  the 
latter  with  evolution  of  heat.  The  solution  yields,  on  evaporation,  white 
crystals  having  a  silky  lustre.  The  saturated  solution  is  rendered  turbid 
by  excess  of  water,  and  gives  a  white  precipitate  with  acids,  and  a  grey 
precipitate  with  tincture  of  galls.  (Lassonne,  Crell.  Chem,  J.  5,  59; 
Koloff,  A,  Gehl,  6,  443.)  The  solution  becomes  somewhat  turbid  on 
dilution  with  water,  in  consequence  of  the  precipitation  of  a  compound 
[probably  i]  richer  in  oxide.  (Bonnet.) — 2.  When  hydrochlorate  of 
zinc-oxide  is  dropt  into  excess  of  ammonia,  then  carbonate  of  ammonia 
added,  and  the  mixture  exposed  to  the  air,  there  are  formed,  as  the 
ammonia  evaporates,  needle-shaped  crystals  united  in  stellated  masses, 
insoluble  in  water,  and  having  a  strong  ammoniacal  odour;  they  turn 
milk-white  in  the  air,  and  continue  to  evolve  ammonia  till  they  are 
converted  into  the  following  compound  b.  (Wohler,  I^offg,  28,  616.) 

b.  White  powder,  which,  when  heated,  evolves  a  large  quantit^r  of 
water  and  caroonato  of  ammonia,  and  leaves  62*2  per  cent  of  zinc-oxide. 
(Wohler.)  When  zinc-oxide  in  excess  is  digested  with  aqueous  carbonate 
of  ammonia,  a  crystalline  powder  is  obtained.  (Bonnet.) 

E.  Boride  of  Nitrogen  and  Zinc  ? — 2  parts  of  vitrefied  boracic  acid 
and  .5  parts  of  cyanide  of  zinc  he«ited  to  whiteness  for  an  hour  in  a  closed 
charcoal  crucible  yield  a  white  mass.  This  mass  imparts  a  green  colour 
to  the  outer  blowpipe  flame,  but  without  melting;  burns  with  a  pale  blue 
light  when  thrown  into  fused  chlorate  of  potash;  gives  off  a  laree  quantity 
of  ammonia  when  heated  with  hydrate  of  potash;  and  is  not  decomposed 
by  chlorine,  oven  at  a  red  heat.  (Balmain,  Phil,  Mag,  J,  21,  270.) 

F.  Ordinary  Phosphate  op  Zinc-oxide  and  Ammonia. — Zinco^ 
amnionic  Phosphate. — Formed  by  adding  a  solution  of  onlinary  phosphate 
of  ammonia  mixed  with  excess  of  ammonia  to  a  solution  of  zinc- vitriol, 
and  digesting  till  the  precipiLitc  has  lost  its  flocculent  character  and 
become  crystalline,  and  the  excess  of  ammonia  is  evaporated — then 
washing  the  precipitate,  pressing  it  between  folds  of  bibulous  paper,  and 
drying  it.  Instead  of  phosphate  of  ammonia,  phosphate  of  soda  mixed 
with  ammonia  may  bo  used,  but  then  the  washing  is  difficult.  White 
powder,  which,  on  ignition,  yields  79*33  per  cent,  of  zinc-oxide.  Insoluble 
in  water,  but  soluble  in  acids,  ammonia,  potash,  and  soda.  (Bette,  Ann, 
Pharm.  15,  129.) 


NH3   

Caleulatum  1. 
17-0      ....        8-68 
80-4       ....       41-06 
71-4       ....       36-47 
270       ....       13-79 

2ZnO     

cPO 

3!10  

NH3    . 

N  H<0,2ZnO,cPO*  +  2  Aq 

Calc 
17-0 

195-8       .... 

nlaiion  2. 

7-20 
....       51-10 
....       30-26 
....       Il-t4 

100-00 

Bette. 
8-65 

3ZnO  . 
oPO*    . 

120-6 

71-4 

47*55 
31-78 

3H0   . 

27-0 

12*02 

NH^O, 

:<ZnO,cPO«  +  3An.          2360 

....     100-00 

10000 

Calculation  1  corresponds  to  the  manganese-salt  (IV.  232);  calculation  2, 
which  Bette  prefers,  corresponds  to  the  arseuiate  (V.  50);  neither  of  them 
agrees  exactly  with  the  analysis. 
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G.  Ptrophosphate  op  Zinc-oxidk  and  Ammonia. — Zinco-ammonic 
Pyrophosphate, — Formed  by  mixing  hydrochlorate  of  zinc-oxide  with  a 
sufficient  quantity  of  sal-ammoniac  to  prevent  precipitation  by  ammoniii, 
and  tlien  adding  a  mixture  of  ammonia  and  pyrophosphate  of  soda.  The 
precipitate  must  be  washed  till  the  water  no  longer  renders  a  silver- 
so]  ntion  turbid^  then  pressed  between  paper,  and  dried.  If  the  same 
process  be  used  as  for  salt  F,  with  the  substitution  of  pyrophosphate  of 
soda  for  the  ordinary  phosphate,  the  resulting  precipitate  will  contain  too 
much  zinc-oxide  and  too  little  phosphoric  acid  to  exhibit  any  stoichio- 
metric relation.  The  precipitate  formed  by  the  first-mentioned  process 
has  the  appearance  of  loose  flakes.  When  ignited,  it  leaves  79*3  per 
cent,  of  zinc-phosphate.  Contains  in  100  parts — ammonia,  5 '78;  zinc- 
oxide^  42*43;  pyrophosphoric  acid,  37*31;  water,  14*78, — corresponding 
to  the  formula,  2NH' -h  6ZnO  +  36PO* -f  9aq.  (Bette.) 

H.  Metaphosphate  op  Zinc-oxide  and  Ammonia. — Zinco-ammonic 
Metapho9phate, — Zinc-vitriol  mixed  with  ammonia  is  precipitated  by  a 
solution  of  vitrefied  metaphosphate  of  soda,  likewise  mixed  with  ammonia. 
A  white  precipitate  is  immediately  formed,  and  subsequently  coagulates 
in  a  resinous  mass.  When  dry,  it  forms  a  white  powder.  The  dry  pre- 
cipitate contains  in  100  parts — ammonia  G*50;  zinc-oxide  46*45;  phos- 
phoric acid  33*68;  water  13*37:  it  is  probably  a  mixture  of  a  double 
metaphosphate  with  a  double  phosphate  containing  ordinary  phosphoric 
acid.  (Bette.) 

I.  Ammonio-hypostjlpuite  op  Zinc-oxide. — Aqueous  hyposulphite 
of  zino-oxide  supersaturated  with  ammonia  and  then  mixed  with  absolute 
alcohol,  deposits  this  salt  in  white  needles.  These  crystals,  when  heated, 
rapidly  evolve  a  large  quantity  of  ammonia,  yield  a  sublimate  of  sulphite 
of  ammonia  and  a  very  small  quantity  of  sulphate  of  ammonia,  and  leave 
a  mixture  of  sulphide  of  zinc  and  sulphate  of  zinc-oxide.  They  are 
decomposed  by  water,  with  separation  of  flocculcnt  zinc-oxide.  (Rammels- 
berg,  Pogg.  5^^  C2.) 

Cryttallized.  Rammelsberg. 

NH»    I/O        ....         16-16 

ZnO    40-2         ....         38-21         39-62 

S^O^    48-0         ....         45-03 

NH5  + ZnO, 8=03  ....       105-2         Z       10000 

K.  Ammonio-hyposulpiiate  op  Zinc-oxide. — Warm  aqueous  am- 
monia saturated  with  hyposulphate  of  zinc-oxide,  yields  small  crystals  on 
cooling.  These,  when  heated  in  a  retort,  yield  free  ammonia,  a  sublimate 
of  sulphite  and  sulphate  of  ammonia,  and  leave  a  residue  consisting  of 
sulphate  of  zinc-oxide  with  a  small  quantity  of  sulphide  of  zinc.  (Ram* 
meisberg,  Pogg,  58,  297.) 

Crystallized.  Rammelsberg. 

2NH» 34-0       ....       23-26         22-53 

ZnO    40-2       ....       27-50         27*50 

S=0*    720       ....       49  24         

~2NH»  +  ZnO,SW 1462       ....     10000 

L.  QuADROBASic  ZiNC-suLPHATE  WITH  Ammonia. — The  flowers  of 
line  met  with  in  commerce  sometimes  consist  of  this  salt.  It  is  precipi- 
tated when  a  boiling    solution  of  ziac-yitriol  is  supersaturfited  with 
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ammonia,  and  the  boiling  continued  till  the  liquid  no  longer  smelb  of 

ammonia.  (Schindler,  Jiepert,  31,  20.) 

Schindlcr. 

2NH» S40      ....       12-56         1200 

4ZnO 160-8      ....      5938         59-33 

Sfy* 400      ....       14-77         14-66 

4HO   360       ....       13-29         13-33 

2NIP  +  4ZiiO,SO-U4A(i 270-8      ....     100-00        99*32 

The  f?()hition  of  qiuidroVasic  or  biba.sic  zinc-sulpliatc  in  ammonia  yields 
pmall  cry>ital.'«  un  the  adilition  of  alcohol;  but  on  dilution  with  water,  it 
gives  a  ]>roi*i])itate  in  which  the  (|uantity  of  acid  and  ammonia  is  less  in 
proportion  as  the  dilution  \h  greater.  Aqueous  nionosulphate  of  zinc- 
oxi<!o  mixed  with  a  quantity  of  ammonia  just  suificient  to  re-dissolve  the 
precipitate,  is  not  renderetl  turbid  by  small  quantities  of  water;  but  with 
lar^'er  quantities  it  forms  pulverulent,  antl  with  still  larger  quantities,  gela- 
tinous ]irecipitates,  containing  oxide  of  zinc,  suljthuric  acid,  and  ammonia; 
when  the  (juantity  of  water  is  still  further  increased,  a  heavy  powder  is 
thrown  down  couMstin;^  of  nearly  pure  hydra  ted  zinc-oxide.  A  solution 
of  zinc-vitriol  superj^at united  with  ammonia  and  exposed  for  some  time  to 
the  air,  depo.'jits  quadrobasic  sulphate  of  zinc-oxide,  while  sulphate  of 
zinc-oxide  and  ammonia  remains  in  solution.  (Schindlcr,  Afag,  Phaitn, 
3G,  57.) 

a  is  the  precipitate  formed  by  mixing  zinc  vitriol  with  an  insufficient 
quantity  of  ammonia.  f>.  With  a  slight  excess  of  ammonia.  (If  the 
addition  of  ammonia  be  discontinue<I  as  soon  as  the  precipitate  ceases  to 
form,  the  double  sul])hatc  of  zinc-oxide  and  ammonia  remains  in  the 
solution.)  c.  The  i)recipitate  obtained  by  mixing  zinc-vitriol  with  a 
quantity  of  ammonia  sutHcient  to  re-dissolve  the  precipitate  and  then 
diluting  with  water.  (Bonnet.)     [The  amount  of  water  is  not  stated.] 

a.  b.  €• 

NH' 1-05  4-02  2-42 

ZiiO 82-27  82-:i7  81-65 

Sa**   10-68  13-61  15-93 

100-00         100-00         100-00 

M.  Monobasic  Zixc-sulphate  witii  Ammonia. — a.  5NH'-j- 
2(ZnO,  SO^).  100  parts  of  anhydrous  zinc-vitriol  rapidly  absorb  51-22 
parts  (2cJ  At.)  of  ammonia,  great  heat  being  evolved  and  the  salt 
swelling  up  and  ultimately  crumbling  to  a  white  powder.  The  compound 
when  heated  to  redness,  gives  off  ammonia  with  ebullition,  yielding  a 
small  sublimate  of  sulphite  of  ammonia,  and  a  residue  which  is  no  longer 
soluble  in  water.  It  dissolves  in  water  with  partial  separation  of  zinc- 
oxide.  (H.  Rose,  Fogg.  20,  149.) 

b.  2NlP-hZnO,  SO^  When  ammoniacal  gas  is  passed  through  a  hot 
saturated  solution  of  zinc-vitriol,  till  the  precipitate  is  completely  re-dis- 
solved, the  compound  c  is  deposited,  on  cooling,  in  flocculcnt  granules. 
An  additional  quantity  of  the  salt  c  is  obtained  by  filtering  the  liquid 
from  the  precipitate  and  either  evaporating  it  to  dryness  or  keeping  it 
warm.  If,  on  the  other  hand,  it  be  left  to  evaporate  at  ordinary  tempera- 
tures, it  yields  crystals  of  b.  The  latter  are  transparent  while  moist,  but 
imnuKliately  become  opaque  when  dried  in  the  air,  passing  in  fact,  with- 
out change  of  form,  from  2NHHZnO,  S0H4Aq  into  2NH'-|-ZnO, 
SO^  +  2Aq.     AVhen  kept  for  awhile  at  a  temperature  between  27^  and 
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98^y  they  give  off  an  additional  atom  of  water  and  crumble  to  a  white 
powder,  ooDsiating  of  2NIP+ZnO,  SO>+Aq.  The  latter,  if  kept  for 
awhile  at  100^,  givee  off  water  and  ammonia;  but  to  get  rid  of  all  the 
water  it  is  neceeaarj  to  fuse  the  salt.  If  merely  heated  till  it  begins  to 
melt,  It  leaves  a  gummy  mass  =  NH'+ZnO,SO'+Aq;  after  longer 
fbaion  there  remains  NH'  +  ZnO,SO',  constituting  79-13  parts  out  of  100 
puts  of  the  white  powder.  This  compound,  when  subjected  to  a  con- 
tinaallj  increasing  heat,  ffives  off  all  its  ammonia,  and  leaves  mono- 
ealphate  of  zino-oxide.  This  last-mentioned  salt  constitutes  54*66  p.  c.  of 
the  recently  prepared  crystals;  60  p.  c.  of  the  crystals  after  efflorescence 
in  the  air;  and  66*07  p.  c.  of  the  white  powder  dried  at  27^  If  the 
heat  be  too  suddenly  applied,  sulphite  of  ammonia  sublimes  and  the 
residoal  zinc-sulphate  contains  excess  of  oxide.  The  crystals  are  soluble 
in  water. 


At. 

NH» 2 

Zno,80»  1 

HO    1 


Mlffloretced  above  27°. 

340        27-60 

80-2        65-10 

9-0        7-30 


1 


123-2 


100-00 


mforneed  at  ordinary  temperaturet. 

At. 

NH» 2      ....      340    25*72 

ZnO,SO* 1       ....       80-2     60-66 

HO 2       ....       18-0     13-62 


At. 
2 
1 
4 


Recent  eryetaU, 


34-0 
80-2 
36-0 


22-63 
53-40 
23-97 


132-2     10000 


150-2 


10000 


c.  NH'  +  ZnO,  SO'.  1.  Deposited  in  the  preparation  of  h,  in  floccu- 
lent  granules  resembling  starch. — 2.  Obtained  as  a  gummy  mass  by  fusing 
6  for  a  short  time.  In  whichever  way  the  compound  is  prepared,  it 
contains  1  atom  of  water.  When  fused  for  a  longer  time,  it  gives  off 
water,  and  when  strongly  heated,  leaves  75 '92  per  cent,  of  monosulphate 
of  zinc-oxide.  Both  in  the  hydrated  and  in  the  fused  state,  it  is  decomposed 
by  contact  with  water,  the  compound  b  together  with  sulphate  of 
ammonia  dissolving  in  the  water,  and  sexbasic  sulphate  of  zinc-oxide 
(p.  22)  being  separated.  (Kane,  Ann,  Chim,  Fhys,  72,  304.) 


Dehydrated. 

NH> 170      ....       17-49 

ZnO^SO' 80-2       ....       8251 


Starch  or  gymMke  talt, 

NH» 17-0      ....       1601 

ZnO,SO' 80-2       ....       75*52 

HO 9-0      ....         8*47 


97-2      ....     100-00 


106-2 


100-00 


N.  Sulphate  of  Zinc-oxide  and  Ammonia.—- Zinco-ammo?itc  Sul- 
phaie.  Transparent,  colourless,  bard,  bitter- tasting  crystals,  having  pre- 
cisely the  form  of  the  double  sulphate  of  magnesia  and  ammonia. 
(Mitscherlich.)  According  to  Taesaert  .(-^«w.  Chim.  Fhys.  24,  100)  they 
consist  of  octohedral  segments. 


NH« 

ZiiO 

2SO»    

7HO    

FeO,    accidental 


Tassaert. 

17-0 

8*49 

804 

40*2 

2008 

19-74 

80*0 

39*96 

39'90 

630 

31*47 

»  •  •  ■                                                             m< 

30*90 
1-42 

00*2 

...       100-00 

....       100-03 

NHK), 80»  +  ZnO, 80»  +  6Aq. ...     200*2 
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0.  Ammomo-iodide  of  Znfc— a.  100  puis  of  nnc-iodide,  exposed 
to  a  current  of  amnioniacal  ga«,  absorb  26  923  per  cent,  (not  qoite  3 
atoiii>)  of  am  muni  a,  liecomine  very  hot,  swelling  up,  and  crumbling  to  a 
white,  looselj-cohereut  powder.  Cold  water  decomposes  it,  giving  off 
ammonia  and  separating  zinc-oxide  free  from  iodine;  but  a  small  portion 
of  zinc  likewit«c  dissolves. — 6.  The  solution  of  zino-iodide  in  aqueous 
ammonia,  when  left  t(»  evaporate  freely,  yields  anhydrous  white  crystals 
which  have  a  strong  lustre,  are  permanent  in  the  air,  and  when  heated 
in  close  vessels  are  resolved  into  ammonia  which  escapes  as  gas,  and 
iodide  of  zinc  which  sublimes;  cold  water  acts  upon  them  just  as  upon 
salt  a;  they  dissolve  readily  in  acids.  (Rammebberg,  Fogg.  48,  152.) 

Rammels- 
«.  Rammebberg.        h,  Cryttallixtd,  berg. 

3NIP...     510     ...     24-38     ...     21-21  2NH»...     340     ...     17-69 

Zo 32-2     ...     15-391  .««„  Zn 32*2     ...     16*75  ...  16'66 

1 126  0     ...     60-23/  •••     '°^*'  I     1260     ...     6556 


209  2     ...   10000     ...  10000  192*2     ...  10000 

P.  Iodide  of  Zinc  and  Ammonium. — An  aqueous  mixture  of  iodide 
of  zinc  and  hydriudatc  of  ammonia,  evaporated  over  oil  of  vitriol  in  a 
receiver  containing  air,  yields  extremely  deliquescent  crystals.  (Rammels- 
berg,  Pogg,  43,  GOo.) 

Crytiallized.  Rammelsberg. 

NH* 180   ...    5-96 

Zn 32-2   ...   10-65  10*269 

21 252*0   ...   83  39  80*644 

NHM,ZnI     302-2       ...     10000 

Q.  Ammonio-iodate  of  Zinc-oxide. — Separates  from  a  solution  of 
zinc-iodate  in  ammonia,  in  rhombic  crystals  by  spontaneous  evaporation, 
and  as  a  white  ])owder  on  the  addition  of  alcohol.  The  crystals,  when 
exposed  to  the  air,  effloresce  rapidly  from  loss  of  ammonia.  When  heated, 
they  melt  and  leave  oxide  of  zinc.  They  are  decomposed  by  water. 
(Raminelsbcrg,  Fogg.  43,  665.) 

Cryaialiized.  Rammelaberg. 

4NH'' 680       ...         9-90  10*64 

3ZnO 120-6       ...       17*57  18-03 

310*    4980       ...       72-53  71*33 

4NIP  +  3(ZEX)7lob~ C8GG       ...     lOO^O         ~.       100*00 

R.  Ammonio-bromide  of  Zinc. — A  concentrated  aqueous  solution  of 
zinc-bromide,  supersaturated  with  ammonia  and  evaporated,  yields  colour- 
less octohcdrons,  which  fuse  and  give  off  all  their  ammonia  when  heated; 
and  when  digested  with  water,  especially  with  the  aid  of  heat,  are  com- 
pletely resolved  into  precipitated  oxide  of  zinc,  and  a  solution  of  hydro- 
oromate  of  ammonia  free  from  zinc.  (Rammelsberg,  Fogg.  55,  240.) 


NH3 
Zn  .. 
Br    . 


Crytfallized. 

Rammelsberg. 

170       ...       13-32 

12-98 

322       ....       25*24 

25*82 

78-4       ...       61-44 

59-87 

Nli3,ZuBr 127-6       ...     10000         98-67 

S.  Ammonio-bromate  of  Zinc-oxide. — When  ammonia  is  added  to  an 
aqueous  solution  of  zinc-bromate  till  the  precipitate  first  formed  is  re-di«- 
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mlredy  and  the  liquid  eraporated  [best  under  a  bell-jar  with  hydrate  of 
potaeb  and  quick-lime],  raiall  prismatic  crystals  nre  obtained.  These 
ciystals  when  heated,  are  decomposed  with  a  hissing  noise  and  a  back- 
ward and  forward  motion,  and  give  off  bromine.  With  water  they  are 
converted  into  oxide  of  zinc  and  bromate  of  ammonia  which  dissolves. 
When  exposed  to  the  air,  they  attract  moisture  and  turn  yellow,  evolving 
bromine  and  afterwards  giving  up  bromide  of  zinc  to  the  water.  (Ram- 
mekberg^  Fogg,  52,  90.) 

Cryttallized.  Ramraelsberg. 

NH»    170       ...         8-39         8-52 

ZnO    40-2       ...       19*84         19-41 

BrO«   118-4       ...       58-44 

3HO   27-0       ...       13-33 

NH*+ZnO,BrO*  +  3Aq.  ...       202*6       ...     100*00 

T.  Ammonio-chloride  op  Zi.nc. — a.  2NIP,ZnCl. — Formed  by 
passing  ammoniacal  gas  through  a  hot  concentrated  solution  of  zinc- 
chloride  till  the  precipitate  is  re-dissolved — filtering  quickly,  in  case  any 
floccolent  matter  should  remain  undissolved — and  leaving  the  solution  to 
cool.  The  compound  a  then  separates.  The  mother-liquor,  when  evapo- 
rated, yields  crystals  of  the  compound  6. — a  appears  in  small  lamiute, 
baTing  a  pearly  lustre  and  feeling  like  mica.  At  149"^  it  gives  off  all  its 
water  and  half  its  ammonia,  and  leaves  77*22  per  cent,  of  a  white  powder, 
eonsisting  of  NH',ZnCl.  When  more  strougly  heated,  it  leaves  NH', 
2Zn.Cl.  (Kane,  Ann.  Chim,  Pkys,  72,  290.) 

Cryttallized.  Kane. 

2NH« 34*0      ...       30-74 

Zn  32  2       ...       2911 

CI    85-4       ...       3201         3114 

HO 90       ...         8*14 

2NH»  +  ZnCl-i-Aq.         110-6       ...     100*00       =      NH-,ZnCl  +  NH»,HO. 

6.  NH',ZnCl. — For  the  preparation,  vid.  a. — Square  prisms  having 
a  glassy  lustre.  The  compound  fuses  when  heated,  giving  off  its  water 
and  half  its  ammonia,  and  forming  a  transparent  liquid  composed  of 
NH',2ZnCl,  and  amounting  to  85*64  per  cent,  of  the  original  substance. 
(Kane.) 

Crystallized.  Kane. 

2NH5 340       ...       1908 

2Zn  64-4       ...       3614         3561 

2C1 70-8       ...       39-73         39-47 

HO 90       ...         505 

2NH*  +  2ZnCl  +  Aq 178*2       ...     10000 

c,  NH',2ZnCl. — When  a  or  6  is  fused,  this  compound  remains  in  the 
form  of  a  clear,  colourless  or  yellowish  liquid  which,  on  cooling,  solidifies 
into  an  amber-yellow,  gummy,  very  slightly  crystalline  mass.  It  boils  at 
a  heat  near  reaness  and  sublimes  undecomposed  in  amber-coloured  drops. 
When  heated  with  lime,  it  evolves  a  large  quantity  of  ammonia.  Wlion 
treated  with  water,  it  is  resolved  into  the  compound  h,  which  dissolves, 
and  oxychloride  of  zinc,  ZnC],GZn04- 6Aq  (p.  32^  which  remains  undis- 
eolved.  (Kane.)  According  to  Grouvellc,  chloride  of  zinc  absorbs  am- 
moniacal ffas;  according  to  Pcrzoz,  the  quantity  absorbed  is  half  an  atom, 
and  the  absorption  does  not  take  place  without  the  aid  of  heat. 
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2ZnCl 


17-0 
135-2 


11-17 
88*83 


NlP,2ZnCl 152-2 


10000 


U.  Chloride  of  ZI^x  and  Ammonium. — A  solution  of  1  part  of  zinc- 
oxide  in  strong  hj-drochloric  acid  mixed  with  1  part  of  sal-ammoniac  and 
evaporated — the  acid,  as  it  escapes,  being  replaced — ^yields  on  cooling, 
trans])arent  and  colourletss  rectangular  prisms,  trnncated  at  the  lateral 
edges  and  the  corners,  and  having  a  sharp  metallic  taste.  They  are  per- 
manent in  dry  air,  but  deli<{uc!>cc  in  nioibt  air,  and  dissolve  without  decom- 
position in  water.  (Schiudler,  Uarj  Pharm.  3G,  37.)  When  heated,  they 
arc  rci^olved  into  ibal-ammoniac  which  volatilizes,  and  chloride  of  zinc  whicn 
remains  behind.  They  dissolve  into  \  pt.  of  cold  water,  prodacing  a 
great  fall  of  temperature  and  in  0*28  pt.  boiling  water.  (Golfier — 
Basseyre,  Ann,  Chim.  Phyi,  70,  344.) 


CryitaliiMed, 

Scfaindler. 

NH^Cl    

5.V4       ...       41-08 

41-20 

ZiiCl   

67-6       ...       5200 

6209 

HO 

90       ...         6-92 

6-71 

NH^Cl.ZnCl  +  Aq.     . 

130-0       ...     10000 

....       100-00 

Oxide  of  zinc  dissolves  in  aqueous  sal-ammoniac.  (Th^nard,  Scher.  J, 
10,  428.)  A  solution  of  hydrated  zinc-oxide  in  gently- warmed  sal* 
ammoniac  yields  the  above  mentioned  crystals  on  evaporation;  but,  if  it 
be  boiled,  iho  ammonia  escapes,  and  basic  hydrochlorate  of  zinc-oxide 
a  (pa;:c  31)  is  produced,  from  which  the  compound  b  is  precipitated  on 
cooling.  (Scliindlcr.) 

AVlien  chloride  of  zinc  is  precipitated  by  an  insufficient  quantity  of 
ammonia,  a  precipitate  is  formed,  containing  oxide  of  zinc  79*86;  chloride 
of  zinc  14 '80;  sal-ammoniac  2*37;  a  slight  excess  of  ammonia  produces  a 
gelatinous  precipitate  which  exhibits  an  alkaline  reaction,  even  after  long 
washing,  and  c<mtains  242  per  cent,  of  ammonia  and  11*16  chlorine;  the 
liquid  filtered  from  it  yields  crystals  of  the  double  chloride  of  zinc  and 
ammonium.  (Bonnet,  An7i.  J'hai-m.  9,  170.) 

II  By  mixing  solutions  of  1  pt.  sal  ammoniac  and  2  pts.  chloride  of  zinc, 
Hautz  obtained  a  &alt  which  separated  in  crystals  belonging  to  the 
oblique  prismatic  system.  The  crystals  were  very  soluble  in  water  and 
showed  a  tendency  to  deliquesce  when  exposed  to  the  air. 


NH*    

Crystallized, 

180       ...         7-95 

66-4       ....       2917 

106-2       ...       46-95 

360       ...       15-93 

Hanti, 
8-00 

2Zn 

3C1  

4HO    

2905 
46-46 
16-26 

Nl^Cl,2ZuCl  +  4Aq 

(Ann,  Phamu  ^^^  287.)  IT 

226-6 

...     10000 

99-77 

Zinc  and  Potassium. 

A.  Alloy  op  Zinc  and  Potassium.— Combination  between  these 
two  metals  takes  place  at  high  temperatures  only. — The  alloy  is  a  brittle, 
granular   mass,  which  fuses  at  a  red  heat. — It  oxides  in  the  air,  and 
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decomposes  water  rapidly^  especially  when  acids  are  present   (Gaj- 
LoBsao,  and  Thenard.) 

B.  Zinc-oxide  with  Potash. — Zinc  dissolves  in  aqueous  solution  of 
potash  very  slowly  and  with  evolution  of  hydrogen  (Bischof,  Kastn.  Arch, 
\,  193);  more  quickly  when  in  contact  with  platinum  ;  most  quickly  in 
contact  with  iron.  (Runge,  Pogg.  16,  129.)  The  ignited  oxide  dissolves 
with  diflBculty;  the  hydrate  easily  and  abundantly. — The  concentrated 
solution,  when  covered  with  a  layer  of  alcohol,  deposits  small  shining 
crystals,  containing  1  At.  zinc-oxide  with  1  At.  potash.  They  dissolve 
readily  in  water,  and  the  solution,  when  boiled,  deposits  a  white  powder 
containing  2  At.  zinc-oxide  to  1  At.  potash.  (Laux,  Ann.  Phann.  9, 183.) 
By  the  addition  of  a  small  quantity  of  alcohol,  Fromy  (Compt.  rend. 
15,  1106)  obtained  long  needles  containing  2  At.  zinc-oxide  with  1  At. 
potash;  these,  when  treated  with  water,  were  immediately  decomposed, 
yielding  anhydrous  zinc-oxide  and  aqueous  solution  of  potash.  —  The 
solution  of  zinc-oxide  in  aqueous  potash  leaves  on  evaporation  a  white 
shining  mass  which  becomes  moist  by  exposure  to  the  air.  (Berzelius.)  — 
2  parts  of  hydrated  zinc-oxide  dissolve  in  5  parts  of  potash-ley  of  1  '3 
specific  gravity.  When  the  solutiou  is  evaporated  to  dryness  and  the 
residue  fused,  an  enamel-like  mass  is  formed,  from  which  water  extracts 
the  potash;  the  solution  mixed  with  eight  times  its  volume  of  alcohol 
deposits  nearly  the  whole  of  the  zinc-oxide.  (Bonnet.) — The  solution  of 
sino-oxide  in  caustic  potash  is  rendered  turbid  only  by  a  very  large 
quantity  of  water. 

When  a  solution  of  zinc-vitriol  is  mixed  with  a  quantity  of  potash 
sufficient  to  re-dissolve  the  precipitate,  and  then  exposed  to  the  air  for 
some  time,  a  precipitate  is  formed  containing  zinc-oxide,  potash,  and 
carbonic  acid,  but  no  sulphuric  acid.  The  mixture  yields  no  deposit, 
when  boiled  out  of  contact  of  air;  but  when  it  is  boiled  in  an  open  vessel, 
or  if  it  has  been  exposed  to  the  air  before  boiling,  it  yields  a  powder 
which  becomes  very  heavy  when  dry  and  consists  of  pure  hydrated  oxide 
of  zinc.  If  the  potash  contains  silica,  silicate  of  zinc-oxide  and  potash  is 
formed  on  boiling.  The  precipitate  which  Vauqnelin  &  Buclmcr 
(Report.  14,  381)  obtained  by  boiling  a  solution  of  potash  saturated  with 
sine-oxide,  and  which,  according  to  their  statement,  consists  of  zinc-oxide 
mixed  with  a  small  quantity  of  potash,  is  likewise  regarded  by  Schindler 
as  silicate  of  zinc-oxide  and  pota.sh.  Water  added  to  the  mixture  throws 
down  a  large  quantity  of  zinc-oxide  containing  potash,  sulphuric  acid, 
and  water;  a  larger  quantity  of  water  precipitates  the  pure  hydrated 
oxide.  (Schindler.) — Zinc-oxide  boiled  with  aqueous  carbonate  of  potash 
extracts  potash  from  that  compounri,  and  afterwards  exhibits  an  alkaline 
reaction  on  turmeric  ]>aper;  the  potash  may  be  removed  from  it  by  long 
washing  with  water.  (\Vackenroder.) 

C.  Carbonate  of  Zi.vc-oxidb  and  Potash. — Zinco-potassic  Car- 
bonate.— A  zinc-salt  precipitated  by  excess  of  carbonate  of  potash  at 
ordinary  temperatures,  yields  a  stiff,  gelatinous  precipitate,  which  cakes 
together  in  drying,  and  consists  of  a  mixture  of  -J-carbonate  of  zinc-oxide 
(p.  12)  and  double  carbonate  of  zinc-oxide  and  potash.  Gives  off  all  its 
carbonic  acid  when  ignited.  (Schindler,  Mag,  Phann.  36,  56.) 

D.  Sulphate  of  Zinc-oxide  and  Potash. — Zinco-potassic  Sulphate. 
— Crystallizes  in  the  same  form  as  sulphate  of  magnesia  and  ammonia. 
■Mitschorlich.)    Fig.  84;  y  :  u=102=  20';  w' :  w=108^ 40'.  (Teschemachor, 
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Kastn.  Arch,  13,  197.)  Sp.  gr.  2.153.  (Kapp.)  The  crystals  have  an 
acid  reaction.  In  vacuo,  they  give  off  5  atoms  of  water  at  25*5°,  but  the 
sixth  they  retain  till  heated  to  121^.  (Graham.)  Soluble  in  5  parts  of 
cold  water.  (Bucholz.  Junr.  N.  Ti\  9,  2,  26.) 

Cryaialiized.  Bocholx. 

KO 47*2       ....       21-32  18*2 

ZiiO    40-2       ....       18-16  21-4 

2SO»  80-0       ....       36-13  36-2 

61IO    540       ....       24-39  24;i 


KO,S03  +  ZiiO,SO»  +  6Aq.      221-4       ....     100-00         100*3 

E.  Iodide  op  Zixc  and  Potassium. — Zinco-potassic  Iodide. — A 
solution  of  iodide  of  zinc  and  iodide  of  potassium  evaporated  over  oil 
of  vitriol  under  a  receiver  containing  air,  yields  very  deliquescent  crystals, 
(Ramnielsberg,  Pogg,  43,  QQiJ,) 

Rammelsberg.  Or : 

K 39-2     ....       8-14       8-92  KI 165*2     ....     34*4 

2Zn 64-4     ....     13*37       1295  2ZnI 316*4     ....     65*6 

31    3780     ....     78-49       


KI,2ZnI....     481-6     ....  100*00       481-6     ....  100*0 

F.  Chloride  of  Zinc  and  Potassium. — Zinco-potassic  Chloride. — 
The  preparation,  crystalline  form,  and  other  properties  of  this  compound 
are  precisely  similar  to  those  of  the  chloride  of  zinc  and  ammonium;  but 
it  deliquesces  more  rapidly.  (Schindler.) 

G.  Fluoride  op  Zinc  and  Potassium. — Zinco-potastdc  Fluoride. — 
KF,ZnF. — Colourless,  crystalline  granules,  soluble  in  water.  (Berzolius.) 

On  the  properties  of  crystals  obtained  by  supersaturating  nitrate  of  zinc  with 
iodide  of  potassium^  and  containing  nitric  add,  vid,  Anthon,  Repert,  51,  115. 


Zinc  and  Sodium. 

A.  Alloy  of  Zinc  and  Sodium. — Four  volumes  of  zinc-filings  unite 
with  1  volume  of  sodium  at  a  dull  red  heat,  and  form  a  bluish-grey, 
brittle  alloy  which  has  a  finely  laminar  texture,  oxidates  slowly  in  the 
air,  and  effervesces  slightly  with  water,  but  strongly  with  aqueous  acids. 
(Gay-Lussac  and  Thenard.) 

B.  ZiNC-oxiDE  WITH  Soda. — Hydrated  zinc-oxide  dissolves  readily  in 
aqueous  solution  of  soda;  metallic  zinc  only  when  heat  is  applied;  it  tlien 
dissolves  with  evolution  of  hydrogen.  (Lassonne.)  The  solution,  when 
exposed  to  the  air,  deposits  small  shining  crystals  of  hydrated  obasio 
zinc-carbonate.  (Wohler.)  Zinc-oxide  boiled  with  solution  of  carbonate 
of  soda  extracts  from  it  only  a  trace  of  soda;  if  sulphate  of  soda  is  mixed 
with  the  solution,  the  zinc-oxide  extracts  from  it  both  soda  and  sulphuric 
acid,  which  it  retains  with  great  obstinacy.  (Wackenroder.) 

C.  Carbonate  op  Zinc-oxide  and  Soda. — Zinco-sodic  Carbonater^ 
Zinc  dissolves  slowly  in  aqueous  carbonate  of  soda,  with  evolution  of 
hydrogen.  The  solution,  set  aside  for  a  few  days,  deposits  small,  colour- 
less, strongly  lustrous,  hard,  regular  tetrahedrons  and  octahedrons^  having 
their  edges  and  solid  angles  truncated.     They  become  opaque  when 
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heated,  and  torn  yellow  on  ignition;  and  if  afterwards  treated  witli  water, 
the  J  yield  a  eolation  of  carbonate  of  soda  and  a  residue  of  pure  oxido  of 
«na  (WohleTf  Fogg.  28,  616.)  Oxide  of  zinc  does  not  disi^oivo  in  car- 
bonate of  soda  fused  before  the  blowpipe. 

B.  Zinc-oxide  dissolves  in  Borax  and  in  Microcosmic  salt,  yielding  a 
dear  glass  which  becomes  milk-white  on  gentle  flaming,  and  if  the  zinc- 
oxide  is  in  excess,  becomes  enamel-white  on  cooling. 

E.  Sulphate  of  Zinc-oxide  and  Soda. — Zinco-sodic  Sulphate, — 
Separates  from  a  solution  of  zinc-vitriol  and  bisulphate  of  soda,  when 
eraporated  in  vacuo  over  oil  of  vitriol.  (Graham.)  According  to 
Graham,  monosulphate  of  soda  and  zinc-vitriol,  mixed  in  any  propor- 
tions whatever,  do  not  yield  this  double  salt,  but  each  salt  crystallizes 
out  by  itself.  Karsten,  on  the  other  hand  {Schrifi  d.  Berl.  Akad,  1841), 
obtained  crystals  of  the  double  suit,  both  by  mixing  Glauber's  salt  with  a 
saturated  solution  of  zinc-vitriol,  and  setting  the  mixture  aside  for  a  few 
daySj  and  likewise  by  dissolving  zinc-vitriol  at  ordinary  temperatures  in 
a  saturated  solution  of  Glauber's  salt,  and  leaving  the  mixture  to 
evaporate  either  spontaneously  or  with  the  aid  of  heat;  it  was  only 
when  the  mixture  was  strongly  heated  and  then  suddenly  cooled,  that 
the  two  salts  crystallized  out  separately.  Karston  likewise  obtained  the 
double  salt  with  common  salt  and  zinc- vitriol. 

The  dehydrated  salt  melts  without  decomposition  at  an  incipient  red- 
heat,  and  on  cooling,  solidifies  in  a  white,  opaque  mass.  The  salt  crys- 
tallizes in  tables  contains  4  atoms  of  water;  it  deliquesces  only  in  moist 
air,  and  when  dissolved  in  water,  separates  into  the  two  simple  salts. 
(Graham,  Phil.  Mag,  J.  18,  417.) 

P.  Iodide  op  Zinc  and  Sodium. — Zinco-sodic  Iodide, — Preparation 
and  properties,  similar  to  those  of  the  potassium -salt.  (Rammelsberg.) 

Cryttallized,  Rammelsberg. 

Na  23-2       ....         6-94  6-95 

Zn  :V2-2       ....         9-62  9*41 

21    2520       ....       75-36  7485 

3HO    27-0      ....        808 

NaI,ZnI-f3Aq 334-4       ....     10000 

G.  Chloride  op  Zinc  and  Sodium. — Zinco-sodic  Chloride. — Au 
aqaeons  solution  of  common  salt  and  zinc-chloride  quickly  evaporated 
yields  six-sided  lamiusd,  bavin?  a  sharp  taste,  and  easily  soluble.  If  the 
solution  be  slowly  evaporated,  the  chloride  of  sodium  crystallizes  out 
alone.  (Schindlcr,  Mag.  Fhami.  36,  48.) 


Zinc  and  Barium. 

Iodide  op  Zinc  and  Barium. — Zinco-hargtic  Iodide, — Preparation 
and  properties  similar  to  those  of  the  potassium-salt. 

Cryatallized,  Rammelsberg. 

Ba  68-6      ....      13-42  11-71 

2Zn    64-4      ....      12-60  12-80 

31  3780      ....       73-98 

BaI,2Zul  511-0      ....     100-00 
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BarytA,  filrontia,  and  lime  dissolved  in  water,  and  mixed  with  the 
compound  of  zinc-oxide  and  ammonia,  deprive  that  compound  of  part  of 
its  zinc-oxide,  and  are  precipitated  in  combination  with  that  oxide. 
(fierzelius.) 

Zinc  and  Magnesium. 

SuLPnATE  OF  Zinc -OXIDE  and  Magnesia.— ZiWo-fna^nenc  Sulphate. 
^Sulphate  of  ma^mcsia  dissolves  in  a  cold  saturated  solution  of  zinc- 
vitriol  forming  a  clear  liquid  at  first;  but  after  awhile,  the  double  ealt  is 
deposited.  (Karstcn.) 

Zinc  and  Aluminum. 

A.  A  LUMIN ATE  OF  Zinc-oxide. — a,  Gahnite, — Regular  octohedrons; 
sp.  gr.  4'23.  Harder  than  quartz;  translucent,  green;  yields  a  pale 
bluish-green  powder.  Does  not  fuse  before  the  blowpipe;  oakes  together 
with  carbonate  of  soda  without  dissolving  in  it,  and  forms  a  dark- 
coloured  blag,  which,  when  finely  pulverized,  forms  a  deposit  of  zinc- oxide 
upon  the  rharcoal;  dissolves  sparingly  and  with  great  difficulty  in  borax 
or  in  microcosmic  salt;  dissolves  iu  a  mixture  of  borax  and  carbonate 
of  soda,  forming  a  clear  glass  coloured  by  iron.  (Berzelios.)     Insoluble 

in  aqueous  acids  and  alkalis. 

Abich. 
/■ 
Gahnite, 

MgO 

ZiiO 40-2      ....       43-9 

FeO  

AR)^    51-4      ....       561 

Si()= 

ZnO,Al-0»  oTc      ....     1000 

Part  of  the  ZnO  is  replaced  by  MgO  and  FeO. 

h.  Hydrate  of  alumina  abstracts  the  zinc-oxide  from  the  aqueous 
solution  of  the  compound  of  zinc  oxide  and  ammonia;  aluminate  of  zinc- 
oxide  is  likewise  precipitated  on  mixing  the  compound  of  zinc-oxide  and 
ammonia  with  a  saturated  solution  of  hydrate  of  alumina  in  potash. 
This  compound  is  soluble  in  potash.  (Berzelius.)  The  compound  of  zinc- 
oxido  and  potash  likewise  forms,  with  aluminate  of  potash,  a  precipitate 
soluble  in  excess  of  potash.  (JSander,  Ann.  Fhann,  9,  181.) 

B.  Sulphate  of  Alumina  and  Zinc-oxidk. — Zinc-a/«m=ZnO,SO'-h 
AP0^3SO'-f24Aq.  (Kane.) 

C.  Fluortde  of  Aluminum  and  Zinc. — ZnF,APF'. — Formed  by 
evaporating  the  aqueous  solution  of  hydrofluate  of  zinc-oxide  and  hydro- 
fiunte  of  alumina.  Long,  colourless  needles,  slowly  but  completely 
soluble  iu  water.  Ammonia  added  to  the  solution  throws  down  aluminate 
of  zinc-oxide.  (Berzelius.) 

Zinc  and  Silicium. 

A.  Silicate  of  Zinc-oxtde. — Zinc-glance  or  Siliceous  Calamine 
occurs  in  transparent  and  colourless  crystals .  belonging  to   the  right 


Fahlun. 

Americt. 

5-25 

2-22 

3002 

34*80 

5-85 

4-55 

55  14 

57-09 

3-84 

1-22 

100-10 

99-88 
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priraiatio  system.  Right  rhombic  prisms,  having  the  obtuse  (rarely  also 
the  acute)  lateral  edges  replaced  by  planes,  with  two  bevelling  surfaces 
resting  sometimes  on  the  two  acute,  sometimes  ou  the  two  obtuse  iater<il 
edges.  Cleavage  parallel  to  u  and  p.  Sp.  gr.  3*38.  Harder  than  felspar. 
— Decrepitates  slightly  when  heated,  losing  water  and  becoming  opaque; 
does  not  fuse  before  tlie  blowpipe,  but  swells  up  when  strongly  ignited; 
intumesces  sligbtly  with  carbonate  of  soda  but  does  not  dissolve  in  it,  and 
gives,  though  not  readily,  a  deposit  of  zinc-oxide.  In  borax  or  micro- 
Goniiic  salt,  it  fuses  to  a  transparent  glass,  which,  however,  becomes 
tnrbid  on  cooling.  With  nitrate  of  cobalt  it  assumes  a  green  colour 
when  gently  heated,  light-blue  on  the  edges  when  more  strongly  ignited. 
(Berzelius.)  Dissolves  readily  in  acids,  with  separation  of  a  siliceous 
jelly;  dissolves  for  the  most  part  in  caustic  potash. 

Berzelius.         Berthier.        Smithson. 
Limburg.  Brrisgan.  Retibanya. 

2ZnO 80-4     ....     66-78     ....       6637  ....       64*5  ....       68-3 

SiO'  310     ....     25-75      ....       26*23  ....       255  ....       250 

HO    90     ....       7-47      ....         7-40  ....       100  ....         4*4 

2ZnO,SiOS-«-Aq.    120*4     ....  10000     ....     10000       ....     100*0       ~     97*7 

The  same  compound  occurs  in  the  anhydrous  state  but  impure,  as 
WUlusmsUe  or  Hebetine. 

B.  Hydrated  Fluoride  of  Silicium  and  Zinc,  or  Hydroflitatb 
OF  Silica  and  Zinc-oxide. — A  solution  of  zinc-oxide  in  hydroHuosilicic 
acid  yields,  when  evaporated  at  a  liigh  temperature,  throe  and  six-sided, 
transparent,  colourless  prisms,  permanent  in  the  air,  and  very  easily 
Bolnble  in  water;  ZnF,SiF'-f  7Aq.  (Berzelius.) 

C.  Silicate  op  Zinc-oxide  and  Potash. — Separates  in  white  flakes 
when  zinc  in  contact  with  iron  is  dis:5olved  in  potash-ley  containing  silica. 
The  flakes  contain  water;  they  dissolve  in  excess  of  caustic  potiish,  and 
likewise,  with  separation  of  a  jelly,  in  acids.  (Schindler.) 

Zinc  and  Tungsten. 

A.  Tukostate  op  Zixc-oxide. — ^White  powder,  insoluble  in  water. 

B.  SuLPnoTUNGSTATE  OF  ZiNC. — ZuS,  WS*.  The  mixture  of  an 
aqneons  zino^salt  with  sulphotungstate  of  potassium  gives  after  24  hours, 
a  pale  yellow,  pulverulent  precipitate.  (Berzelius.) 

Zinc  and  Molybdenhm. 

A.  Holybdate  op  Zinc-oxtde. — Formed  by  precipitating  a  zinc- 
nit  with  molybdate  of  ammonia.  Yellowish- white  powder,  sparingly 
aoluble  in  water,  more  easily  soluble  in  acids,  and  containing,  according 
to  Brandes,  36-25  zinc  oxide  and  63*75  molybdic  acid. 

B.  SuLPBOMOLYBDATE  OF  ZiNC. — Dark  brown  precipitate,  insoluble 
IB  water.  (Berzelius.) 

C.  Persdlpuomolybdate  of  Zinc. — Red  precipitate.  (Berzelius.) 
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D  and  E.  Moltbdate  of  Zinc-oxide  and  Ammonia,  and  Molyb- 
DATE  OP  Zinc-oxide  and  Potash. — Both  tbeae  doable  salts  are  solable 
in  water.  (Berzelius.) 

Zinc  and  Vanadium. 


Vanadiate  op  Zinc-oxide. — a.  AfonoifanadiaU. — By  doable  deooni' 
position.  White  precipitate,  insoluble  in  water,  even  at  a  boiling  heat. 
0.  Bivanadiate. — Transparent,  orange-yellow  crystals,  solable  in  water. 
(Berzelius.) 

Zinc  and  Chromium. 

Chromate  op  Zinc-oxide. — a,  Dichromate. — The  yellow  precipitate 
which  monochromate  of  potash  produces  in  a  solution  of  zinc-vitriol. 

i Thomson,  Phil.  Mag.  Ann.  3,  81.)  When  the  chromate  of  potash  is 
ropt  into  a  boiling  solution  of  zinc- vitriol,  the  precipitate  formed  has  a 
peculiarly  fine  yellow  colour.  (Bensch.)  The  supernatant  liqnid  remains 
yellow  even  when  the  zinc-salt  is  in  excess.  [It  probably  contains  bi- 
chromate of  potash.]  Zinc-salts  are  not  precipitated  by  bichromate  of 
potash.  (Wiihler.) 

6.  Monochrojnate. — A  solution  of  zinc-carbonate  in  aqneons  chromic 
acid  yields  transparent,  topaz-yellow  crystals,  having  the  form  of  zinc- 
vitriol  and  a  specific  gravity  of  2  096  at  15^  The  crystals  are  easily 
soluble  in  water,  and  when  heated,  dissolve  in  their  water  of  crystalliza- 
tion; the  dehydrated  salt  is  strongly  heated  by  contact  with  water. 
(Kopp,  Ann,  rharm.  42,  98.) 

Kopp. 

ZnO,Cr03    92-2       ....       59*41         57*8 

7HO 630       ....       40-59         42*2 

Z  n07c703 +";  AqZ       1  bb^       ....     100^         ZZ       1000 

^  By  subsequent  examination^  Kopp  has  discovered  that  the  cr3r8tal8 
which  he  originally  took  for  pure  chromate  of  zinc-oxide,  really  consisted 
of  ordinary  zinc-sulphate  containing  small  quantities  of  zino-chromate 
intimately  bound  up  with  them :  the  crystals  when  dissolved  in  water 
gave  the  reactions  of  chromic  acid,  but  contained  only  3*5  per  cent,  of 
that  acid,  instead  of  33*0  as  required  by  the  formula,  ZnO,  CrO'  +  7Aq. 
The  formation  of  the  zinc-sulphate  is  due  to  the  presence  of  sulphnric 
acid  in  tho  chromic  acid  used  in  the  preparation.  {Ann,  Pkarm.  57, 
3S6.)  IF 

B.  Chromate  op  Zinc-oxide  and  Potash. — Zinco-potaBsi<i  Chromate. 
If  the  yellow  fiocculent  precipitate  obtained  by  mixing  zinc-vitriol  with 
monochromate  of  potash  be  left  immersed  in  the  liquid  for  24  honrs,  it 
changes  to  an  orange-yellow  powder,  which  is  a  compound  of  chromate  of 
potash  with  chromate  of  zinc-oxide.  It  loses  by  ignition  15  per  cent,  of 
oxygen  and  water,  and  leaves  a  dark  brown  powder  from  which  water 
extracts  a  quantity  of  monochromate  of  potash  amounting  to  21  per  cent, 
of  the  double  salt,  and  leaves  violet- brown  Chromite  of  Zinc-oxide,  which 
dissolves  in  oil  of  vitriol,  forming  a  dark-green  solution.  The  doable 
salt  is  slightly  soluble  in  cold  water  and  imparts  a  yellow  colour  to  large 
quantiti»?»  of  it;  in  boiling  water  it  forms  a  deep  yellow  solution,  with 
separation  of  a  lighter>coToured  salt,  probably  basic.  (Wbhler,  Berzelius 
Lehrh.  4,  487.) 
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Zinc  and  Uranium. 

Uranatb  op  Zinc-oxide. — 1.  By  precipitating  zinco-uranic  acetate 
with  baryta-water. — 2.  When  uranic  nitrate  is  precipitated  by  zinc,  the 
zinc  becomes  covered  with  a  solid  yellow  film  of  uranate  of  zinc-oxide, 
wbicb  prevents  farther  combination.  (Wertheim,  J.  pr,  Chcm,  29,  227.) 

Zinc  and  Manganese. 
Prbmanganate  of  Zinc-oxide. — Deliquescent.  (Mitscherlich.) 

Zinc  and  Arsenic 


A.  Arsenide  of  Zinc. — a.  When  75*2  parts  (1  At.)  of  arsenic- 
powder  is  brought  in  contact  with  128*8  parts  (4  At.)  of  zinc  fused  but 
not  red-hot,  combination  takes  place,  the  whole  mass  glowing  \ividly 
with  a  dark  red  light,  and  some  of  the  arsenic  volatilizing.  (A.  Vogel.) 
b.  With  642  parts  (2  At.)  zinc  and  75*2  parts  (1  At.)  arsenic  similarly 
treated,  the  ignition  is  less  vivid,  because  the  resulting  compound  is  less 
fosible  and  solidifies  more  quickly.  This  compound,  when  treated  with 
hydrochloric  acid,  gives  off  pure  arseniurcttcd  hydrogen,  without  any 
aumixture  of  free  hydrogen.  (A.  Vogel,  /.  pi\  Chem.  6,  345.)  100  parts 
of  zinc-turnings  heated  with  100  parts  of  arscnic-powdcr  combine  without 
ignition  and  yield  172  parts  of  a.very  brittle  alloy.  (Geblcn.)  Equal 
parts  of  granulated  zinc  and  pulverized  arseuic  heated  in  an  earthen 
retort  at  a  gradually  increasing  temperature,  yield  a  well-fused,  grey, 
brittle  alloy,  having  a  fine-grained  fracture;  this  alloy,  when  dissolved  in 
dilute  sulpnuric  acid,  evolves  pure  arseniurcttcd  hydrogen  gas,  and  leaves 
a  grey  metallic  powder  which  contains  excess  of  arsenic,  gives  off  that 
ozcess  when  heated,  and  is  thereby  rendered  soluble  in  acids.  (Soubeiran.) 
Arsenide  of  zinc  is  likewise  obtained  by  heating  zinc  with  arson ious  acid, 
(Bergman.)  With  2  parts  of  zinc-cuttings  and  1  part  of  arsenious  acid, 
the  reaction  takes  place  with  combustion  and  explosion.  (Gchlen.) 

B.  Arseniate  op  Zinc-oxide  or  Zinc- arseni ate. — Trls-arsenlaU, 
When  di-arseniate  of  ammonia,  potash,  or  soda  is  mixed  with  a  zinc-salt, 
the  liquid  turns  sour,  and  tris-arseniato  of  zinc-oxide  is  precipitated. 
(Mitscherlich.)  The  precipitate  formed  by  arsenic  acid  in  a  solution  of 
cinc-acetate  is  either  the  same  salt,  or  a  di-arseniate.  Whito  powder, 
insoluble  in  water,  but  soluble  in  arsenic  and  nitric  acid.  Hydrogen  gas 
passed  over  the  ignited  salt,  decomposes  it,  according  to  Soubeiran,  into 
water,  arsenic,  and  zinc-oxide,  the  latter  remaining  behind. 

h.  Acid  Salt,  Formed  by  dissolving  zinc,  the  oxide,  or  the  salt  a  in 
arsenic  acid.  When  metallic  zinc  is  used,  arseuiuretted  hydrogen  is  given 
off,  and  solid  arsenide  of  hydrogen  separates  in  the  form  of  a  brown  powder. 
The  acid  solution  yields  cubes  on  evaporation.  (Berzelius.)  When  com- 
pletely saturated  with  zinc,  it  solidifies  to  a  transparent  jelly.  (Fischer, 
Poffg.  9,  261.) 

C.  Hyposulpharsenite  op  Zinc — Yellowish  red.  (Berzelius.) 

D.  SuLPilARSENiTE  OF  ZiNC. — Hydrosulphate  of  soda  saturated  with 
arsenious  sulphide,  forms,  with  neutral  zinc-salts,  a  bulky,  lemon-yellow 

YOL,   T.  K 
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precipitate  "which  becomes  orange -yellow  on  drying.  This,  when  gently 
heated,  gives  off  part  of  the  arsenious  sulphide ,  and  leaves  a  hard,  yellow, 
agglomerated  compound  of  zinc-sulphide  with  a  small  quantity  of  arsenious 
sulphi<ie;  the  latter  is  completely  driven  off  ut  the  melting  point  of  glass. 
(Berzelius,  Pogg.  7,  145.) 


E.  SuLPHAHSENiATE  OF  ZiNC— «.  Ttrbasic  saU. — SZnS^AsS^ — By 
precipitating  a  zinc-salt  with  trisulpharscniate  of  sodium.  Pale  yellow 
flakes,  which,  when  dry,  yield  an  orange-yellow  powder.— 6.  JBibasic, 
2ZnS,  A8S^  By  precipitating  with  di^ulpliarseniate  of  sodium.  Forms 
somewhat  brighter  yellow  flakes,  but  Exhibits  the  same  colour  as  a  when 
dry.  (Berzelius.) — c.  Afnnohasic. — When  zinc-oxide  and  arsenic  acid  are 
dissolved  together,  cvon  in  a  very  large  excels  of  hydrochloric  or  sulphuric 
acid,  6ulj)hurettc'd  hydrogen  precipitates  the  whole  of  the  zinc  [provided 
the  Quantity  of  arsenic  acid  is  suflicientl  in  the  form  of  yellow  2fiiS,  AsS*. 
But  if  the  arsenic  aci<l  be  previously  reduced  to  the  state  of  arsenious  acid 
by  the  action  of  sulphurous  acid,  sulphuretted  hydrogen  precipitates  only 
tersulphide  of  arsenic,  and  leaves  all  the  zinc  in  solution.  (Wohler, 
Jatiresb,  21,  2,  1.50.) 

F.  Arsentate  op  Zinc-oxtde  w^tth  Ammonia. — Formed  by  mixing 
hydrochlorate  of  zinc-oxide  with  a  quantity  of  sal-ammoniac  sufficient  to 
prevent  precipitation  by  ammonia,  and  then  digesting  the  solution  with  a 
mixture  of  ammonia  and  arseniate  of  potash.  The  precipitate,  which  is 
flocculent  at  first  and  afterwards  becomes  crystalline,  forms,  after  pressure 
between  paper  and  drying,  a  white  powder,  soluble  in  acids,  ammonia, 
and  potash,  but  not  in  water.  At  100"  it  gives  off  the  greater  part  of  its 
water  with  a  portion  of  ammonia,  and  on  ignition  leaves  a  residue 
amounting  to  84*33  per  cent.,  and  consisting  of  43*57  zinc-oxide  with 
40-76  ar.'jcnious  acid.   (Bette,  Ann.  Pharm,  15,  141.) 


3ZiiO 

AsO* 

3H0 


Bctte. 

17*0     .... 

608 

....                   d   "/ 

120*6     .... 

43*13 

43*57 

115*0     .... 

4113 

40*76 

2;*o    .... 

9*66 

9*70 

NH3  +  3ZnO,  AsO^  +  3Aq.       279*6     ....  10000        10000 


Zinc  and  Antimony. 

A.  Antimontde  op  Zinc. — These  two  metals  fuse  together  with 
facility — and,  according  to  Gchlen  and  A.  Vogel,  without  emission  of 
light — and  form  a  hard,  brittle,  steel-coloured  alloy,  whose  density  is  less 
than  the  medium  density  of  its  elements.  (Gellert.) 

B.  Antimoniate  of  Zinc-oxide. — The  precipitate  formed  in  a 
solution  of  zinc-vitriol  by  a  small  quantity  of  antimoniate  of  potash  dis- 
appears again,  and  docs  not  become  permanent  till  a  larger  quantity  of 
antimoniate  of  potash  is  added;  white  crystalline  grains  are  then  depo- 
sited, in  the  course  of  a  few  hours,  on  the  sides  of  the  vessel.  The  salt 
when  heated,  givcj  off  all  its  water  and  turns  yellow,  but  without  any 
appearance  of  lumino.sity.  It  does  not  fuse  before  the  blowpipe  on  char- 
coal and  can  only  be  reduced  by  addition  of  an  alkali;  it  is  very  slightly 
soluble  in  water.  (Berzelius.) 
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C.  Sdlphantimoniate  of  Zinc— 3ZnS,SbS».  Zinc-vitriol  dropt 
into  excess  of  aqueous  sulpliautimoniate  of  sodium,  forms  a  deep  orange- 
yellow  precipitate,  which  dissolves  in  the  liquid  on  boiling,  and  passes 
through  the  filter  during  washing.  If  the  zinc-sulphate  be  added  in 
excess  and  the  liquid  boiled  for  a  short  time,  a  deep  orange-yellow  preci- 
pitate is  formed,  which  dries  up  to  a  brown -red  mass  having  a  shining 
fracture.  This  substance,  when  ignited  in  a  retort,  yields  sulphurous  acid 
and  sulphur,  and  leaves  a  half-fused  residue  amounting  to  82*9  per  cent. 
It  dissolves  in  boiling  hydrochloric  acid.  In  caustic  potash  it  dissolves 
with  separation  of  zinc-sulphide,  and  forms  a  yellow  solution,  from  which 
acids  precipitate  pentasulphidc  of  antimony,  with  slight  evolution  of 
sulphuretted  hydrogen.  (Rammelsberg,  Pogg.  52,  223.) 

Rammeliberg. 

4Zn 1288       ....       32-71         30*85 

8b   129  0       ....       32-76        30*81 

8S  1280       ....       32-50         33'17 

O    80       ....         2-03 

3ZnS,  Sbl^  +  ZnO 3U3-8       ....     10000 

Zinc  and  Tellurium. 

A.  Telluride  or  Zinc. — These  metals  when  heated  unite  with 
creat  evolution  of  heat,  and  form  a  grey,  porous,  difficultly  soluble  alloy, 
having  a  metallic  lustre  and  crystalline  fracture,  insoluble  in  strong 
sulphuric  or  hydrochloric  acid.  (Berzelius,  Lehrh,  3,  384.) 

B.  Tellurite  of  Zinc-oxide.— By  double  decomposition.  White 
flakes.  (Berzelius.) 

C.  Sulphotellurite  of  Zinc. — 3ZnS,TeS'.— By  double  decomposi- 
tion. The  precipitate,  which  is  light-yellow  at  first,  gradually  turns 
brown.  (Berzelius.) 

Zinc  and  BisMUTn. 

Alloy  qf  Zinc  and  Bismuth  f — The  two  metals  will  not  unite  by 
fusion.  (Cramer.)  On  melting  them  together  in  equal  parts,  two  layers 
are  formed,  the  upper  consisting  of  zinc,  the  lower  of  bismuth  containing 
a  small  quantity  of  zinc,  and  therefore  of  a  lighter  red;  finer-grained  and 
more  brittle  than  pure  bismuth,  but  expanding  with  equal  force  as  it 
solidifies.  (Marx,  JSchw.  58,  465.)  By  fusing  together  16-12  pts.  (6  At.) 
zinc  and  17*73  pts.  (1  At.)  bismuth,  an  upper  layer  is  formed,  consisting 
of  zinc  and  amounting  to  13*40  parts,  and  a  lower  layer,  amounting  to 
19*40  parts  and  consisting  of  bismuth,  which,  where  it  borders  on  the 
zinc,  is  somewhat  more  laminar,  in  consequence  of  admixture  of  zinc; 
but  no  chemical  compound  is  obtained.  (Foumet,  Ann,  Chim,  Phys.  24, 
247.) 

Other  Compounds  of  Zinc. 

With  Tin,  Lead,  Iron,  Cobalt,  Nickel,  Copper,  Mercury,  Silver,  Gold, 
Platinum,  and  Palladium.  Very  small  quantities  of  tin,  lead,  iron, 
copper,  or  mercury,  diminish  the  solidity  of  zinc;  a  very  small  quantity  of 
iron  or  copper  accelerates  its  solution  in  acids;  a  very  small  quantity  of 
lead  or  mercury,  especially  the  latter,  retards  the  Eolution.  (KarsteUi 
J.pr.  Chem.  16,380.)  e2 
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C  A  D  M  I  U  M 


Hermasu.     1m;>.  ^.-i.  i^,^  mi  115:  t>^.  275. 

Roiodf.    Ff-:.  rsi  :  i>:  ^  e.M>:  Gir:.  to.  194. 

Kawtoiv     A'-A.?   /   5:v-:-   *■*='  HutcfHwesnij    1,  209;  alwtr.  Berl 

John.  I-*  *.     i:'.rx,:Iv  -  -->* -^i    sV-  C\-r.ue.  3.  299;  also  BeH,  Jakrb.  1819, 

ChiiaVa!     /T!r.V.:VNV  2o^.  t«:  aUo  .^v-Aif.  24.  441. 
OUtU,     .U^-  rii\'\y  2:2;  aLso  ^-iif.  30.  222.— Further:  Ann.  Phil. 
K<,  12?;  i?.  1:^3. 


SvsvxNYMiak     AV.s'/'^.V.ii-.w.  J/'?:^>:^v;. 


Iiis:,'"^,  Ca'Xw.v^wi  %Y\>c:3kTs  i\>  1.1  ve  been  discoTered  about  the  ame 
linu^— iu  tho  sj^riv,:  of  ISIS — l»y  S;rv^iiiejer  and  bv  Hermann;  the  more 
aivurato  invest Jc»5;ou  o:  I:  :>.  Lx^vovor.  due  to  Stri^niever. 

Noe;^\v*.  .\s  Milj^h'.vlo  of  oddmium: — al^"*  in  small  quantity  in  several 
\urioiios  ot"  0*U«r.:to  di:d  PIot:do.  i:ar*:ciY,  in  the  radiated  Blende  of 
rr<ibmm,  to  tho  »uiouu:  of  2  or  o  ivr  cent.    Siroraever.^     In  the  Blende 

a  \  *  • 

of  Nuission*  to  tho  a«:ouKt  of  11 06  per  cent.  (Daniour.  J.  pr,  Chem,  13, 
%\M  ^  lu  Mlioato  of  s  Tx  :t\i\\  Fro:K  r^ar.d  frvm  Derbvshire;  in  carbonate 
of  Aww  from  >  I  oiul  i  p :  i  u  c.i  r  bot:  ;* :  c  a ::  i  si  I  ice  t  e  of  i  nc  from  the  C  umber- 
land  iuiuo>;  in  oomiuorxnul  K:- j'.:<li  rino:  but  not  in  the  carbonate  of  zinc 
from  Uolvxu^U,  or  in  tho  >:I;v'ato  frvuu  Huiipirv.  (Clarke.)  The  flowers 
of  Kiuo  obtiiiuod  iu  (ho  propam:iou  of  zinc  frv>ni  calamine  in  Silesia 
(|».  \)  likowiso  ovMituin  about  o  por  cent,  of  cadmium.  All  these 
bodioM,  whou  houtod  iu  tho  inner  blowpifKyflame^  form  a  red  deposit  on 
vluiri*(uil  or  on  platinum. 

PfYp<tnjti*n,  I .  Oadmiferous  zinc,  oxide  of  zinc,  or  xinc  ore,  is  dis- 
solved iu  dilute  siulphurio  acid:  tho  solution  supersaturated  with  acid;  the 
oadniium  prtvipitatod  bv  sulphuretted  hvdrogen:  the  sulphide  of  cadmium 
washod  ami  distsolved  in  strong  hydn»chloric  acid;  the  excess  of  that  acid 
expelled  by  ovapon^tion:  and  the  cadmium  precipitated  as  a  carbonate 
by  meaus  of  carbonate  of  ammonia,  which  is  added  in  slight  excess,  in 
order  to  re-dissolvo  any  copjver  or  zinc  that  may  be  mixed  with  the 
cadmium.  Tho  oxide  of  cadmium,  after  being  washed  and  then  heated 
to  redness  to  free  it  from  carbonic  acid,  is  mixed  with  thoroughly  ignited 
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lamp-black,  and  heated  to  redness  in  glass  or  earthen  retorts:  the  metal 
then  distils  over.  (Stromeycr.) — John  treats  the  cadniiferous  zinc  with  a 
quantity  of  dilute  sulphuric  acid,  not  sufficient  to  dissolve  it, — whereupon 
tne  dissolved  cadmium  is  precipitated  by  the  excess  of  zinc  in  grey 
flakes.  These  flakes  are  dissolved  in  dilute  sulphuric  acid — the  solution 
evaporated  to  dryness — the  residue  dissolved  in  water — the  solution 
acidulated  with  hydrochloric  acid — ^and  the  cadmium  precipitated  from  it 
by  zinc. — 3.  John  treats  the  solution  of  cadmifcrous  zinc-flowers  in 
salphnric  acid  with  sulphuretted  hydrogen,  in  order  to  precipitate  the 
cacfmium  in  the  form  of  sulphide— decomposes  the  precipitate  with  nitric 
acid — evaporates — dissolves  the  residue  in  dilute  hydrochloric  acid — and 
precipitates  the  cadmium  by  zinc. — 4.  In  the  distillation  of  zinc  in 
England,  the  cadmium-vapours,  being  the  more  volatile,  pass  over  before 
the  zinc- vapours,  and  burn  with  a  brown  flame,  forming  a  yellow,  brown, 
or  black  oxide,  which,  besides  sulphide  of  cadmium,  oxide  of  zinc,  and 
carbon,  contains  about  20  per  cent,  of  cadmic  oxide,  and  consequently, 
when  dissolved  in  hydrochloric  acid  and  precipitated  by  zinc,  yields  a 
large  quantity  of  cadmium,  which  may  be  purified  by  subhmatiou. 
(Herapath.) — 5.  In  Silesia,  cadmium  is  prepared  on  the  large  scale  from 
flowers  of  zinc,  by  gently  igniting  them  with  charcoal  powder  in  earthen 
tubes — collecting  the  metallic  powder  deposited  in  the  receiver  [still 
containing  zinc  to  the  amount  of  half  its  weight]  and  distilling  it  twice 
in  the  same  apparatus — and  finally  fusing  the  sublimed  metal  in  a  crucible 
with  tallow.  (HoUunder,  Kastn,  Arch,  12, 245.)  It  is  not  easy  to  get  rid 
of  all  the  zinc  by  this  process. 

Properties.  Crystallizes  readily  in  octohedrons ;  has  a  dense  texture 
and  indented  fracture.  Soft,  but  harder  and  more  coherent  than  tin; 
easily  cut  with  the  knife;  very  flexible;  very  easily  beaten  out  into  thin 
plates  or  drawn  into  wires.  (Stromeyer.)  When  bent,  it  emits  a  crackling 
noise  like  tin.  Specific  gravity  after  fusion,  8*604  (Stromeyer),  8*6355 
(Karsten),  8-67  (Children),  8677  (Herapath),  875  (John);  after  ham- 
mering, 8 '6944  (Stromeyer),  9*05  (Children).  Has  a  strong  lustre.  In 
colour  it  is  intermediate  between  tin  and  zinc.  Fuses  below  a  red  heat; 
Tolatilizes  somewhat  below  the  boiling  point  of  mercury,  and  without 
emitting  any  particular  odour.  (Stromeyer.) 


Compounds  of  Cadmium, 
Cadmium  and  Oxygen. 

A.   Suboxide  of  Cadmium  ? 

Oxalate  of  cadmic  oxide,  heated  in  a  retort  to  the  melting  point  of  lead, 
gives  oflf  water,  carbonic  acid,  and  marsh -gas,  and  is  converted  into  a 
green  powder.  Mercury  docs  not  extract  any  metal  from  this  powder. 
When  heated  in  the  air,  it  glows  vividly,  gives  off"  a  cloud  of  brown 
oxide,  and  leaves  a  mixture  of  metal  and  oxide,  which  partly  fuses 
together  in  the  form  of  golden-yellow  grains  of  oxide  mixed  with  metal. 
When  treated  with  dilute  sulphuric  acid,  it  cfiervesccs  slightl)r  from  the 
escape  of  carbonic  acid  still  retained  in  it,  and  yields  cadmic  oxide  to  the 
acid,  while  metallic  cadmium  remains  behind.  By  dissolving  it  in  nitric 
acid,  evaporating  to  dryness,  and  igniting,  106-13  parts  of  cadmio  oxido 


:a  cadmium. 


are  oltainM:  hence  it  contains  93  3  [^02'9]  percent,  of  metal  and  6*7 

tT.l]  of  oxviTPn.  (Marchan»l,  /^'V/'/.  38.  145.)     1 1«  compoeition  is  there- 
on? nearly  Cd'O. 

B.  Capmic  Oxide. 

Pi-^-  \rU h  0/*  C '  I '.^m  * « w .  Kadm i u m oxyd,  Ojrt/df  cadm iquc, 

Cailiuium   l>cc<>nio:«   soniowLat    tarnii<1ied  by  exposure   to   the    air. 

(StnMiiovor,^    In  moist  air  froo  from  carbonic  acid,  it  remains  unchanged. 

Wlioii  immorstnl  in  water  and  exp'>:fed  to  air  free  from  carbonic  acid,  it 

Uvoiiios  oovoit*d  with  a  white  powder,  j»rt»bably  consisting  of  hydrated 

o\id«»;  ill  air  contain  in::  oaiboiiic  acid,  it  acquires  a  whitish-grey  deposit, 

which  o«»in:uu.«i  i-iirb-nio  acid.  <Bunsilorir.  7*"yy.  42,  336.)    When  exposed 

to  tho  air   undi*r  wator  coutaiuiui:  3/,,^  of  potash  hydrate,  the  metal 

lnvomos  Maoki>h-::rov.  hut  vol  low  after  drvin<»,  and  a  trace  of  cadmic 

oxido  di!»solvos  ill   iho  water.  (A.   Vogcl,  J,  pr.  Chem.  14,  107.)     The 

mot  a  I  burns  oa>ily  whi'U  lioatod  iu  tho  air,  forming  cadmic  oxide,  which 

ris***  in   tho  l\»rm  of  a  bn>wuish-yollow.   inodorous  cloud.  (Stromeyer.) 

At  or\liu!irv  tom|H.*ni tares  it  di>o«  ni«t  decompose  water,  unless  one  of  the 

Mtnuvct^r  ai'ids,  such  as  sul|diiirio.  liydrwliloric,  or  acetic  acid  is  present, 

tho  ihvoiu|H»sition  thou   lakin:;  place  with  slow  evolution  of  hydrogen 

jkr»«i.  ^Str\Mnovor.>     Cailmium  divomjK>sos  vapour  of  water  at  tempera- 

lurw*  «ho^o  t)io  Ivilinj  ^Huut — i\s  when  a  mixture  of  aqueous  vapour  and 

cadmium  va|Hnir  is  pas-c  I   throuirh  a  n^il-hot  tube — the   products  being 

c.idmic  ovido  and  hv»iro;.vti  sras.  ^Roirnault,  Ann,  Chim,  Phys,  62,  351.) 

h  oxidises  .ind  disc-olxo  rapidly  iu  cold  nitric  acid.  (Strome^'er.)    Cadmic 

oxido  i>  obtaiiu\l  by  burniuj;  cadmium,  or  by  igniting  tho  carbouato  or 

UllVtitO. 

radmic  oxide  i>  a  jvwdcr.  sonietiiiu\<  of  a  brownii*h-yeHow,  sometimes 
of  n  l»n»w  iii>h  n-tl.  and  sometimes  of  a  iLirk  brown  colour.  Does  not  fuse,  or 
vohidli'o.  or  divom|Hv<o,  ovon  at  the  most  intense  white  heat.  (Stromejrer.) 
Spooiiio  >;i.iM«y  i: :»  »0l\  ^Karstm.)  Hcrapath,  on  subliming  tho  metal 
ill  1%  ^h^'»  lubV  containing  air.  obtained  the  oxide  in  purple,  opaque 
iioihIIon,  iii;4;rcipUcd  iu  stellate  masses. 

I^tromerer.  John. 

ill  :m'.         :^r :»      8r-45     90   —   91 

0  s  rj:»       i2-o5     10—9 

I  ,10  01  100  0         10000      100    —100 

KWO       OJJfirr    T-  100  —  rOC-rr.     (Berzelius.) 

( 'hiirciMil  withdnnx  s  oxy irtMl  from  cadmic  oxide  at  a  low  red  heat.  The 
iMtdmiiim,  M«  if  iM  ivdiicod  on  cluiri'ual  before  the  blowpipe,  is  immediately 
btiMil  iiv.ai".  i»iid  produces  a  brownish  yellow  or  a  red  film  upon  the 
«dintoitiil. 

r  omNthttionf,  «.  With  water. — H ypkate  of  Cadmic  Oxide. — Formed 
by  im'ciiiiliiliiiK  a  cmlmie  salt  iu  solution  by  caustic  potash.  IT  If  the 
ftiilulioii  lio  eoncent rated,  a  l»;isic  salt  is  obtained;  but  from  a  dilute  solu- 
llim.  tlio  hyiliatod  oxiilo  CMO,IIC)  is  obtained.  (Schafiiier,  J nn.  PAarm. 
Al,  17<l.)  ^1  Wliito;  loses  its  water  at  a  red  heat;  absorbs  carbonic  acid 
frtini  lliii  iiir.  U  Mekles  has  obtained  the  hydrated  oxide  in  the  ciystal- 
lliin  Nialfi  by  tin*  iieli(»ii  of  a(|UO(ms  ammonia  on  metallic  cadmium  placed 
*'iiiUrl.  witli  iron.     Tho  compound  thus  formed  had  nearly  the  oompo- 

1  (;d(),IIO.  (J.  Phann.  [3],  12,  61.)  IT 
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h.  With  Acids,  forming  the  Salts  of  Cadmic  Oxide,  or  Cadmic  Salts. 
— These  salts  are  mostly  colourless ;  those  which  arc  soluble  in  water, 
redden  litmus;  the j  have  a  disagreeable  metallic  taste,  and  act  as  emetics. 
They  rive  off  their  acid   by   ignition,    provided   the  acid   is   volatile. 
When  heated  with  carbonate  of  soda  on  charcoal  in  the  inner  blowpipe- 
&me,  they  form  a  yellow  or  brown-red  deposit  on  tho  charcoal.     The 
solutions  of  these  salts  give  tho  following  reactions  :  Zinc  throws  down 
metallic  cadmium  in  dendrites.     Clarke's  statement  that  cadmium  is  like- 
wise precipitated  by  iron,  is  contradicted  by  Meissner  and  Ri«!cher. — Sul- 
phuretted hydrogen  passed  through  cadmic  solutioui*,  even  when  a  large 
excess  of  acid  is  present,  precipitates  the  whole  of  the  cadmium  in  the 
fonn  of  sulphide,  which  has  a  lemon-yellow  colour  at  first,  but  afterwards 
becomes  orange-yellow.     A  similar  effect  is  produced  by  alkaline  hydro- 
salphates,  the  precipitate  being  insoluble  in  excess.     The  hydratod  sul- 
phides of  manganese,  iron,  cobalt,  and  nickel,  when  recently  preci])itated, 
likewise  throw  down  sulphide  of  cadmium  from  cadmic  salts.  (Anthon. 
J.pr,  Chem,  10,  3o3.) — Caustic  alkalis  throw  down   white   hydrate  of 
oadmic  oxide,  very  easily  soluble  in  a  slight  excess  of  ammonia,  but  in- 
soluble in  potash  or  soda.     Suliihuretted  hydrogen  likewise  preci])itates 
sulphide  of  cadmium   from   tho  solution   in  cxcass  of  ammonia. —  Tho 
monocarbonates  and  bicarbonatcs  of  ammonia,  potash,  and  soda,  throw 
down  white  carbonate  of  cadmic  oxide,  insoluble  in  excess  of  the  alkaline 
carbonates.    If  the  salt  contains  a  large  quantity  of  free  acid,  the  preci- 
pitate dissolves  in  excess  of  carbonato  of  ammonia,  but  not  otherwise. 
(Stromeyer.) — Phosphate  of  soda  throws  down  white  phosphate  of  cadmic 
oxide. — Oxalic  acid  and  alkaline  oxalates  precipitate  white  oxalate  of 
cadmic  oxide,  insoluble  in  alkaline  oxalates,  but  easily  soluble  in  ammonia. 
The  white  precipitate  produced  by  ferrocyanide  of  potassium,  and  tho 
yellow  precipitate  produced  by  the  ferricyanide,  are  soluble  in  hydro- 
chloric acid.*^The  addition  of  hyposulphite  of  soda  and  hydrochloric  acid 
does  not  produce  a  precipitate  of  sulphide  of  ca<imium  ;  neither  is  any 
precipitate  produced  by  chromic  acid,  succinic  acid,  alkaline  beuzoates, 
or  tincture  of  galls.— Those  salts  of  cadmium  which  are  insoluble  in 
water  dissolve  in  sulphuric,  hydrochloric,  or  nitric  acid,  and  likewise  in 
cold  aqueous  solution  of  sulphate,  hydrochlorate,  nitrate,  or  benzoate  of 
ammonia. 

c.  With  Ammonia  and  with  Borax. 


Cadmium  and  Carbon. 

Carbonate  of  Cadmic    Oxide,  or  Cadmic  Carbonate. — ^White 

powder,  anhydrous  after  drying,  insoluble  in  water.  (Stromeyer.)   Specific 

gravity  abont  4*4938.  (Karsten.) 

Stromeyer.  John. 

CdO  64     ....     74-42         74-547         ....         72 

CO*    22     ....     25-58         25-453         ....         25 

HO     ....  ....  2 

Cdo,c6»~     80   ....  loooo      ~.,     100000      Z      99" 

IT  According  to  Lefort  {J,  Phami.  [3]  12,  406),  the  precipitate 
thrown  down  from  cadmium  solutions  by  alkaline  carbonates  is  2(CdOj 
CO*)  +  HO  J  and  the  whole  of  tho  water  goes  off  between  80''  and  120". 
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Cadmium  and  Boron. 

Borate  of  Cadmic  Oxide  or  Cadmic  BoRATE.-~By  precipitating 
monosulphate  of  cadmic  oxide  with  borax.  White  powder,  difficultly 
soluble  in  water.  Contains  72*115  cadmic  oxide  and  27*885  boracic  acio* 
(Stromeyer.) 

Cadmium  and  Phosphorus. 

A.  Phosphide  OF  Cadmium. — Grey,  with  a  faint  metallic  lustre;  very 
brittle  and  diflicult  to  fu^c.  When  heated  in  the  air,  it  bums  with  a 
bright  flame,  and  is  convcrte<l  into  phosphate  of  cadmic  oxide.  Dissolves 
in  hydrochloric  acid,  with  evolution  of  phosphuretted  hydrogen. 

B.  Hypophosphite  op  Cadmic  Oxide  or  Cadmic  Hypophosphite. 
•^Aqueous  hypophcsphoroiis  acid,  satunited  in  the  cold  with  excess  of 
cadmic  carbonate,  then  filtored  and  evaporated  in  vacuo,  yields  small 
crystals.  These  crystals,  when  heated  in  a  retort,  give  off  a  considerable 
quantity  of  phosphorus  in  the  form  of  a  sublimate,  and  likewise  a  mixture 
of  hydrogen  and  phosphu retted  hydrogen — each  bubble  of  which  takes 
fire  spontaneously — and  leave  a  mixture  of  not  quite  1  part  of  brown 
phosphoric  oxide,  and  somewhat  more  than  90  parts  of  cadmic  phosphate^ 
in  which  56'SQ  parts  of  cadmic  oxide  are  united  with  43*14  parts  of 
phosphoric  acid.  (H.  Rose,  i^oy^.  12,  91.) 

C.  Phosphite  of  Cadmic  Oxide  or  Cadmic  Phosphite. — By  double 
affinity,  with  sulphate  of  cadmic  oxide  and  phosphite  of  ammonia.  Tlie 
white  precipitate,  ignited  in  a  retort,  gives  off  pure  hydrogen  gas,  without 
evolution  of  light  and  heat,  but  with  sublimation  of  a  small  quantity  of 
metallic  cadmium,  and  leaves  a  fused  mass,  black  and  blistered  when 
solidified.  (H.  Rose,  J^o(/g,  9,  41.) 

D.  Ohdinary  Phosphate  of  Cadmic  Oxide  or  Cadmic  Phosphate. — 
By  precipitating  a  cadmic  salt  with  diphosphate  of  soda.  White  powder, 
insoluble  in  water.  When  heated  to  incipient  whiteness,  it  fuses  to  a 
transparent  glass.  Contains  69*284  cadmic  oxide  and  30*716  phosphorio 
acid.  (Stromeyer.) 

IT  E.  Pyrophosphate  of  Cadmic  Oxide  or  Cadmic  Pyro- 
phosphate,— By  precipitating  sulphate  of  cadmic  oxide  with  pyro- 
phosphate of  soda.  White  j)Owder,  which  sinks  slowly  to  the  bottom  of 
the  liquid — soluble  in  ammonia,  pyrophosphate  of  soda,  and  acids,  but 
insoluble  in  caustic  potash.  When  ignited  in  a  current  of  hydrogen,  it 
yields  a  sublimate  of  metallic  cadmium  and  phosphorous  acid,  while  a 
small  quantity  of  phosphuretted  hydrogen  is  evolved,  and  a  white  mass 
is  left,  containing  phosphoric  acid  and  cadmic  oxide.  It  dissolves  in 
sulphurous  acid,  and  is  precipitated  from  the  solution,  on  boiling,  in 
laminaa  having  a  mother-of-pearl  lustre. 

Schwarsenberg. 

2CdO 128-0       ....       6419         63'65 

6PO^  71-4       ....       35-81         36-35 

2CdO,6PO*   199*4      ....     100-00        10000 

(Schwarisenberg,  Ann.  Fliarm,  65, 153.)  IT 
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F.  Metaphobphate  of  Gadhic  Oxide  or  Cadmic  METAPnospnATE. 
-^-Nitrate  of  cadmic  oxide  mixed,  first  with  nictaphosphoric  acid,  and 
then  with  ammonia,  yields  a  precipitate  which  dissolves  in  excess  of 
ammonia,  bnt  separates  again  when  the  solution  is  exposed  to  the  air. 
(PezBOz,  Ann.  Cnim.  Phys,  56,  334.) 

Cadmium  and  Sulphur. 

A.  Sulphide  of  Cadmium. — Found  native  in  the  form  of  Greenockite. 
Prepared  as  a  pigment  known  by  the  name  of  Jaune  hrUlant.  Formed 
with  diflSculty  by  fusing  cadmium  with  sulphur, — more  readily  by  igniting 
cadmic  oxide  with  sulphur  j  precipitated  in  yellow  flakes  when  hydro- 
Bolphuric  acid  or  an  alkaline  hydrosulphate  is  brought  in  contact  with  a 
cadmium  salt.  The  native  sulphide  crystallizes  in  double  six-sided 
pyramids  and  other  forms  of  the  hexagonal  system;  cleavage  parallel  to 
the  terminal  and  lateral  e^ges  of  a  six-sided  prism.  Specific  gravity, 
4*8  (Brooke),  4*908  (Breithaupt).  Hardness  caual  to  that  of  calcspar. 
Of  diamond  lustre,  semi-transparent,  honey-yellow;  yields  an  orange- 
yellow  or  a  brick-red  powder ;  becomes  camiinc-red  whenever  it  is 
beated.  Decrepitates  when  heated  somewhat  strongly.  (Brooke,  Breit- 
haopt.)  The  artificial  sulphide,  in  the  precipitated  state,  is  an  orange- 
yellow  powder,  which,  when  heated  to  redness,  becomes  first  brownish 
and  then  carmine-red.  Fuses  at  an  incipient  white  heat,  and  solidifies  on 
cooling,  in  transparent,  lemon-yellow,  micaceous  lamina;.  Not  volatile  at 
any  temperature.  (Stromeyer.)  Specific  gravity  of  the  fused  artificial 
fiulphide^  4*605.  (Karsten.) 

Stromeyer.  Connell.  Thomson. 

Artificial,  Native,  Native. 

Cd   56      ....      77-77        ....        78*02        ....        77*30        ....        77*6 

8 16       ....       22-22        ....         21-98         ....         22-56         ....        22*4 

CdS 72       ....     10000        Z       10000         Z.        91^86         Z.       1000 

In  dilute  hydrochloric  acid  it  dissolves  with  difficulty,  even  when  the 
acid  is  heated;  but  if  the  acid  be  strong,  the  sulphide  dissolves  with  case, 
even  at  ordinary  'temperatures,  with  violent  evolution  of  sulphuretted 
hydrogen,  and  without  separation  of  sulphur.  (Stromeyer.)  At  a  red 
heat,  it  slightly  decomposes  vapour  of  water;  at  a  white  heat,  cadmic 
oxide  is  formed.  (Reynault.)  Dissolves  in  nitric  acid,  with  evolution  of 
sulphuretted  hydrogen  and  separation  of  sulphur.  (Meissner.)  Very 
slightly  soluble  in  ammonia.  (Wackenroder,  Itejyert,  46,  226.) 

B.  Sulphite  op  Cadmic  Oxide  or  Cadjiic  Sulphite.  —  Cadmium 
dissolves  in  aqueous  sulphurous  acid,  and  fonns  sulphite  of  cadmic  oxide, 
a  largo  quantity  of  sulphide  of  cadmium  being  produced  at  the  same  time: 
for  the  hydrogen  gas  evolved  by  the  action  of  the  sulphurous  acid  on 
the  metai,  acts  while  in  the  nascent  state  on  a  portion  of  the  sulphurous 
acid,  and  forms  hydrosulphuric  acid;  and  this,  again,  precipitates  a  por- 
tion of  the  dissolved  cadmic  oxide  in  the  form  of  sulphide.  (Fordos  6c 
Gelis,  Compt.  rend.  16,  1070;  also  J.  j>i\  Chem.  29,  288.) 

3Cd  +  3H0  +  3SO«  =  3(CdO,  SC^)  +  311 ; 
and  3H  +  S02  =  HS  +  2H0; 

and  3(CdO,SO=)  +  HS  =  2CdO,3SO»  +  CdS  +  HO. 
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%  Carbonate  of  cadmie  ozule  is  readily  disdolyed  bj  sulphnroiu  acid; 
and,  on  adding  absolute  nicohol  to  the  solution,  a  precipitate  resembling 
alumina  is  ])roducod,  which  does  not  give  off  water  when  heated  in  a 
tube.  If  this  precipitate  be  left  at  rest  in  the  li<juid,  beautifol  silvery 
crystals  arc  depot^ited,  having  the  following  composition : 

Musi)ratt. 


OlO   

64 

48 
18 

■  •  • « 

a  ••« 

55-99 
28-19 
15-82 

so- 

2HO    

27-98 
15-90 

CdO,SO=-.f2Aq 

130 

•  •■• 

10000 

(Muspratt,  PhiL  Mag,  11,  414;  Ann,  Phmta,  64,  242.)  IT 

C.  HviHisuLiMiATK  OP  Cadmic  OxinE  or  Cadmic  Hyposulpiiate. — 
The  solution  of  cadmic  carbonate  in  aqueous  hyposulphuric  acid  deposits, 
when  slowly  cooled,  a  crystalline  mass  of  salt,  which  has  a  very  rough 
taste,  is  very  easily  soluble  in  water,  and  deliquesces  in  moist  air. 


D.  Sulphate  of  Cadmic  Oxide  or  Cadmic  Sulphate. — a,  Disidphate. 
—1.  By  ignition  of  b.  (Stroineyer.) — 2.  By  imperfectly  precipitating  6 
with  potash  (Kiihn,  Sc/uc,  GO,  344); — by  exactly  precipitating  one- 
third  of  a  solution  of  the  neutral  sulpiiate  with  caustic  potash,  and  boil- 
ing the  prcci]>itate  with  tiie  rest  of  the  solution.  (Kiihn,  Pharm.  Centr. 
1847y  595.)     Sparingly  soluble  in  water;  se|)aratcs  from  the  solution  in 

scales.  (Stromcycr.) 

KUhn  (1.)         KUbn  (2.) 


2CdO    

S()3   

HO   

128     .... 

40     .... 

g 

72-32       .... 

2'2C0       .... 

508       .... 

...       72-01 

....       21-96 

603 

•  ••• 

•  ••• 

•  ••• 

72-6 

19-3 

8-1 

2CdO,S03+Aq 177     ....   10000       10000       ....     lOO'O 

h.  Monosidpkatf, — Crystallizes  with  water  in  large,  transparent  rect- 
angular prisms,  rcKombling  crysUils  of  zinc-vitriol;  they  effloresce  rapidly 
in  the  air  [permanent  in  the  air,  according  te  Meissner],  and,  when 
gently  heated,  give  off  their  water  of  crystallization  without  fusing; 
when  more  strongly  ignited,  tlicy  lose  half  their  acid,  and  are  converted 
into  a.     Easily  soluble  in  water.  (Stromeyer.) 

Anhydrtna,  Stroineyer.  CryttaiUMed,  S^ronujer, 

CdO 64     ....     61-54     ....     61-7  CdO....       64     ....     45*72     ....     45-956 

SO^ 40     ....     38-46     ....     38-3  S()>  ....       40     ....     28-57     ....     28523 

4HO ....       36     ....     25-71     ....     25'52l 

CdO.SJO'     104     ....  10000     ....  1000  +4Aq.     140     ....  10000     ....  100000 

H  By  evaporating  a  solution  of  cadmic  sulphate  containing  excess  of 
sulphuric  acid,  Kiihn  obtained  compact  crusts  of  indistinct  crystals^  con- 
taining CdO,SO» -f  HO.  (Pharm.  Centr.  1847,  5.05.)  T 

E.  SuLpnocARBONATE  OP  Cadmium. — Hydrosulphocarbouate  of  cal- 
cium gives,  with  ca<lmic  salts,  a  lemon-yellow  precipitate,  slightly  soluble 
in  water,  to  which  it  imparts  a  yellow  colour.  (Berzelius.) 
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Cadmium  and  Selehium. 

T  SELBnTE  OF  Cadmic  Oxide  OF  Gadmic  Sblenite. — Selenious  acid 
does  not  precipitate  salts  of  cadmiam.  Selenite  of  ammonia  gives^  with 
chloride  of  cadminm^  a  white  precipitato,  having  an  argillaceous  appear- 
mnce,  and  assuming  an  orange  tint  when  cxpo^  to  the  air.  The  salt 
contains  no  water.  It  is  soluble  in  selenious  acid.  When  heated  in  a 
tube,  it  yields  a  yellowish-red  sublimate.  (Muspratt,  Ghent.  Soc,  Qu.  J, 
II.  65.)  H 

Cadmium  and  Iodine. 

A.  Iodide  op  Cadmium. — Prepared  either  in  the  dry  way  or  by 
digesting  cadmium  with  iodine  and  water.  Fuses  very  easily.  Crystal- 
lizes on  cooling  from  the  fused  state^  or  from  an  aqueous  or  alcoholic 
solatiouy  in  large,  transparent  and  colourless,  six-sided  tables,  which  are 
permanent  in  the  air,  and  have  a  metallic  lustre  inclining  to  that  of 
mother-of-pearl. — When  somewhat  strongly  ignited  [in  the  air?],  it 
erolres  ioaine.  Dissolves  readily  in  water  and  alcohol,  and  crystallizes 
from  these  solutions,  on  evaporation,  still  in  the  form  of  iodide  of  cad- 
miam. Sulphuretted  hydrogen  passed  through  the  solution  slowly  preci- 
pitates sulphide  of  cadmium.  (Stromeyer.) 

Stromcyer. 


Cd    

I 

56 

126 

■  ••• 
•••• 

30-77      .... 
69-23 

30-54 
69-46 

Cdl      

182 

■  ■•■ 

10000       

....       10000 

B.  Iodate  op  Cadmic  Oxide  or  Cadmic  Iodatb. — Concentrated 
solutions  of  iodate  of  soda  and  iodato  of  cadmic  oxide  immediately  form 
a  precipitate  soluble  in  excess  of  the  cadmic  salt;  it  is  bulky  at  first,  but 
soon  falls  together  in  the  form  of  a  crystalline  meal.  When  dry,  it 
forms  a  white  anhydrous  powder.  This  powder,  when  heated{in  a  retort, 
gives  off  oz3'gen  gas  and  iodine  vapour,  and  leaves  a  brownish-red 
mixture  of  oxide  and  iodide  of  cadmium,  from  which  water  extracts 
nothing,  but  nitric  acid  liberates  iodine. — The  powder  dissolves  but  very 
sparingly  in  water,  more  readily  in  nitric  acid  and  ammonia. 

Cadmium  and  Bromine. 

A.  Bromide  OP  Cadmium. — 1.  At  ordinary  temperatures,  cadmium 

does  not  combine  with  bromine;  but  when  heated  nearly  to  redness,  it 

absorbs  vapour  of  bromine,  forming  white  fumes  of  bromide  of  cadmium. 

2.  Hydrated  bromide  of  cadmium  is  converted  by  heat  into  the  anhydrous 

bromide. — Bromide  of  cadmium  fuses  readily  [and  crystallizes  on  cooling; 

Crofl\f  and,  when  strongly  heated,  sublimes  in  white  rounded  lamina) 

having  a  mother-of-pearl  lustre.     It  is  decomposed  by  heated  nitric  acid, 

but  dissolves  without  decomposition  in  hydrochloric  acid,  acetic  acid, 

alcohol,  and  ether. 

Berth^mot. 

Ca     56-0      ....      41-66        41-47 

Br 78-4      ....      58-34        58-53 

CdBr 134-4      ....    lOO'OO        ~.      100-00 


60  CADMIUM. 

Hydrated  Bromide  of  Cadmium  or  Hydrobromaie  of  Cadmie  Oxide.-^ 
Bromide  of  cadmium  dissolves  easily  iu  water.  The  solution  may  be 
formed  by  dige^jting  cadmium  with  bromine  and  water.  When  evapo- 
rated and  cooled,  it  yields  white,  efflorescent  needles.  These  crysUds 
give  off  half  their  water  at  100^,  and  the  rest,  without  fusing,  at  200°, 
whereupon  they  assume  an  enamel-like  appearance.  (Rammelsbcrg,  Poffg, 
55,  241.)  When  suddenly  heated,  they  fuse  in  their  water  of  crystalli- 
zation, and  are  converted  into  anhydrous  bromide  of  cadmium.  (Berthe- 
mot;   comp,,  Croft,  rhiL  Mag.  J,  21,  356.) 

Cryttallized,  Croft.  Rammelsberg. 

CdBr 134-4     ....     7887        79*05        ....        80*5 

4H0  360     ....     21*13         20*95         ....         19*5 

'CdBr  +  4Aq 170*4     ....  10000        ZZ       10000        Z       1000 

B.  Bromate  of  Cadmic  Oxide  or  Cadmic  Bromate. — Formed  by  pre- 
cipitating sulphate  of  cadmic-oxide  with  bromate  of  baryta,  and  evaporat- 
ing the  liltnite  over  oil  of  vitriol  in  a  receiver  containing  air. — Transpa- 
rent, rhombic  prisms  with  angles  of  127°  and  53",  having  their  lateral 
edges  truncated,  and  bevelled  with  two  narrow  faces;  terminated  with 
four-sided  summits.  The  crystal**,  when  heated,  give  off  bromine  yapour 
and  oxygen  gas,  and  leave  a  brown  mixture  of  oxide  and  bromide  of 
cadmium,  the  latter  of  which  may  be  dissolved  out  by  water.  They 
dissolve  in  0*8  pt.  of  cold  water.  (Rammelsberg,  Pogg,  55,  74.) 


cao 

BrO* 
HO 


Crystallized, 

Rammelsbeii^. 

64*0       ....       33-44 

33*38 

118-4       ....       61*86 

61*92 

9*0       ....         4*70 

4*70 

CdO,lJrO*  +  Aq 191*4       ....     100-00        10000 


Cadmiu3i  and  Chlorine. 

A.  Chloride  of  Cadmium. — Formed  by  fusing  the  hydrochlorate  of 
cadmic  oxide.  After  fusion  it  presents  the  appearance  of  a  transparent 
mass,  having  a  metallic,  pearly  lustre  and  lamellated  texture;  crystallizes 
by  sublimation  in  transparent,  micaceous  lamina)  having  a  similar  lustre. 
Fuses  at  a  heat  below  redness,  and  volatilizes  at  a  somewhat  higher 
temperature. — When  exposed  to  the  air,  it  loses  its  transparency  and 
lustre,  and  crumbles  to  a  white  powder.  (Stromeyer.) 


Cd 

CI 

500      ....      61*27 

Stromeyer. 
61*39 
38*61 

CdCl 

91*4       . 

...     100-00 

100*00 

Hydrated  Chloride  of  Cadmium  or  Uydrochlorate  of  Cadmic  Oxide.--^ 
Transparent  rectangular  prij>nis  which  deliquesce  readily  when  heated, 
and  are  easily  soluble  in  water.  (Stromeyer,  John.) 

Perchlorate  of  Cadmic  Oxide  or  Cadmic  Perciilorate. — The 
solution  of  the  oxide  in  aqueous  perchloric  acid  leaves,  when  evaporated 
in  the  hot  air  chamber,  a  transparent,  deliquescent,  crystalline  mass, 
which  is  soluble  in  alcohol.  (Scrullas,  Ann,  Chim,  Fhys,  4G,  805.) 
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Cadmium  and  Fluorine. 


Fluoride  of  Cadmium.— Deposited  from  tbo  aqncons  solution,  on 
eyaporatioD,  in  white,  indistinctly  crystalline  crusts,  which  adhere  firmly 
to  tne  sides  of  the  vessel.  Sparingly  soluble  in  pure  water,  more  readily 
in  aqueous  hydrofluoric  acid.  (Berzelius,  rog(j,  1,  26.) 


Cadmium  and  Nitrogen. 

A.  Nitride  of  Cadmium  ? — Obtained  in  tbo  same  manner  as  nitride 
of  zinc  (p.  33).  The  solution  must  always  contain  an  excess  of  sal- 
ammoniac.  The  liquid  becomes  turbid  [in  the  preparation  of  zinc-nitride 
it  remains  clear],  because  the  ammonia,  as  it  is  set  free  at  the  negative 

Sole,  precipitates  hydratcd  cadmic  oxide,  which,  however,  in  the  imme- 
iate  neighbourhood  of  the  pole,  is  re-dissolved  by  the  ammonia  subso- 
Suently  liberated.  On  the  negative  pole  there  is  soon  deposited  a  spongy, 
ark,  lead-grey,  non-crystalline  mass,  which  visibly  increases,  and,  after 
being  pressed  between  two  plates  of  glass,  has  the  appearance  of  a  lead- 
grey  amalgam  :  when  washed  and  dried,  it  has  a  specific  gravity  of  4*8. 
t*ive  grains  of  this  substance  yield,  when  heated,  from  O'iS  to  0*25  cub. 
in.  of  nitrogen  gas  free  from  hydrogen,  and  leave  a  yellowish-green 
residue  containing  globules  of  metallic  cadmium.  (Grove,  Fhil,  Mag.  J, 
19,  99;  also  Pogg.  54,  101.) 

B.  Nitrate  op  Cadmic  Oxide,  or  Cadmic  Nitrate. — Crystallizes 
in  combination  with  water,  in  prisms  and  needles  united  in  radiated  masses 
(Stromeyer),  which  deliquesce  in  the  air  (Meissner),  and  dissolve  in 
alcohol,  but  do  not  impart  any  peculiar  colour  to  its  flame.  (Children.) 

Anhydrous.  Stromeyer.  Cryttallized,  Stromeyer. 

CdO  64     ....     54-24     ....     5409  CdO....     64     ....     41-56     ....     4215 

KO»   54     ....     45-76     ....     45-91  NO*....     54     ....     3507     ....     3578 

4HO        36     ....     23-37     ....     2207 

CdO,  NO*    118     ....  100-00     ....  100-00  +4Aq.  154     ....  10000     ....  10000 

C.  Ammoniacal  Oxide  of  Cadmium. — Aqueous  ammonia  readily 
dissolves  cadmic  oxide — the  oxide  first  turning  white — and  deposits  it, 
on  evaporation,  in  the  form  of  a  gelatinous  hydrate.  (Stromeyer.)— 
Potash  precipitates  cadmic  oxide  from  its  solution  in  ammonia. 


■>• 


D.  Ammoniacal  HYPO.suLPnATE  op  Cadmic  Oxide. — The  solution  of 
cadmic  hyposulphate  in  heated  ammonia,  when  left  to  evaporate  spon- 
taneously, deposits  the  compound  in  the  form  of  a  crvstallino  meal,  mixed, 
however, — since  some  amount  of  decomposition  takes  place  on  evapora* 
tion — with  hydrate  and  hyposulphate  of  cadmic  oxide.  (Rammelsberg, 

Pogg.  58,  298.) 

Rammelsberg, 

2NH»  34       ....       2000        18-32 

CdO     64       ....       37-65         3812 

fflO* 72       ....       42-35 

2NH>  +  CdO,S«0»      170      ....     10000 
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E.  Ammonio-sulphate  of  Cadmic  Oxide. — 100  parta  of  anhydrous 
cadmic  sulphate  absorb  48*69  parts  (3  At)  of  ammonia,  with  great  rise 
of  temperature  and  tumefaction,  and  are  thereby  converted  into  a  white 
powder.  The  compound,  when  heated  to  reduesSi  gives  off  a  large  quan- 
tity of  ammoniacal  gas,  and  yields  a  trifling  sublimate  of  sulphite  of 
ammonia.  It  dissolves  in  water,  with  separation  of  cadmic  oxide.  (H. 
Rose,  Pogg,  20,  152.) 

H.  Rote. 

3NH3 51     ....     32-9        32*74 

CdO,S03  104     ....     67-1         67-26 

^Tp+CdO,SO'....     155     ....  1000        ZZ       10000 

F.  Ammonio-iodide  op  Cadmium. — a.  3NH',CdI. — Dry  iodide 
of  |>otassium  does  not  absorb  ammoniacal  gas  at  ordinary  temperatures; 
but  when  gently  heated,  it  takes  up  27*789  per  cent,  of  ammonia,  swelling 
up  and  evolving  heat,  and  crumbling  to  a  fine  white  powder.  The  com- 
pound gives  up  all  its  ammonia  when  heated.  Water  added  to  the  powder 
separates  hydrated  oxide  of  cadmium,  with  which  a  small  portion  of 
iodine  still  remains — and  forms  a  solution  containing  a  small  portion  of 
cadmium,  and  giving  off  ammonia  when  heated.  (Rammelsbcrf.) 

6.  NH^,CdI. — A  solution  of  iodide  of  potassium  in  heated  ammonia 
deposits  very  small  crystals  on  cooling,  and  the  mother-liquid,  if  evapo- 
rated and  mixed  with  ammonia,  yields  an  additional  quantity.  The 
crystals  fuse  when  heated,  giving  off  ammonia  and  water — which  is  not 
essential  to  their  constitution— and  leaving  iodide  of  cadmium.  They 
are  decomposed  by  water  in  the  same  manner  as  a.  (Ranimelsberg, 
Fogg.  48, 153.) 

a,  Rammelsberg. 

3N1P 51         ....         21-89        21-75 

Cdl    182         ....         78-11         78-25 

3NiP,CdI 233         Z       10000         ZZ       100  00 


Cdl 
HO.. 


h. 

lUmmelsberg. 

17 

•  •  •  • 

854 

7-15 

182 

•  t«« 

91-46 

91-37 

•  •  ■  • 

• 

1-48 

NH',CdI  199         ....       100-00        100*00 

When  a  solution  of  cadmic  iodate  in  aqueous  ammonia  is  left  to 
evaporate  freely,  it  yields — besides  crystals  of  iodate  of  ammonia— crys- 
talline crusts,  which  probably  contain  ammoniacal  iodate  of  cadmic  oxide. 
(Ramnielsberg.) 

G.  Ammonio-bromide  op  Cadmium. — a,  2NH^,CdBr.  Dry,  pul- 
verized bromide  of  cadmium  swells  up  when  introduced  into  ammoniacal 
gas,  taking  up  2  atoms  of  ammonia  (from  2  to  3 :  Croft,)^  and  crumbling 
to  a  bulky  white  powder.  The  compound  gives  off  all  its  ammonia  when 
heated;  on  dissolving  it  in  water,  part  of  the  oxide  separates  out.  (Ram- 
meleberg.) — h.  NH^CJBr.  A  concentrated  solution  of  bromide  of  cad- 
mium saturated  with  ammonia,  yields,  on  evapoiution,  small  crystals, 
which  behave  like  a  when  heated,  or  when  digested  in  water.  (Rammels- 
berg,  Pogg.  55,  241.)  A  solution  of  bromide  of  cadmium  in  warm  aqueous 
ammonia  deposits  the  compound  in  crystalline  grains  when  rapidly  cooled, 
and  in  regular  octohedrons  by  slow  cooling.  (Croft,  Phil,  Mag,  J,  21, 
856.) 


\ 
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c.  RammeUberg. 

«NH» 340      ....      2019        22-26 

Cd  560       ....       33-25)  .,-.., 

Br  78-4       ....       4C-5Cf       "  ' 

2NH>,CdBr  1684       ....     100-00        ~.       10000 

h,  RammeUberg.         Croft. 

NH» ^ 17-0      ....       11-23        10-66      ....       11*69 

Cd 560      ....       36-99        38-19 

Br 78-4       ....      51-78 

NU»,CdBr    151-4       ....     10000 

H.  AMMONio-imoMATE  OF  Cadmic  Oxide. — Tbe  concentrated  sola- 
tion  of  cadmic  bromate,  mixed  with  a  quantity  of  ammonia  sufficient  to 
rc-dissolvc  the  precipitiitc  formed  by  the  first  portions^  and  then  eva- 
porated onder  a  receiver  containing  lime,  yields  crystals.  The  mixture 
18  decomposed,  both  when  evaporated  by  heat,  and  when  diluted  with 
water, — white  flakes  of  hydratcd  cadmic  oxide,  free  from  bromine,  bein^ 
deposited.     (Rammelsbcrg,  I'ogg.  55,  74.) 

Calcitiaiion, 

3Nn' 510       12-27 

2CdO 128-0       30-78 

2BrO*    236-8       56-05 

3NH»+2(CdO,BrO*)  415-8       10000 

T.  AMMONio-rnLORiDE  OF  Cadmium. — a.  3NH',CdCl.  — 100  parts 
of  pulverized  dry  chloride  of  cadmium  absorb  53*56  parts  (abont  3  At.) 
of  ammonia,  the  absorption  being  slow  at  first,  but  afterwards  rapid,  and 
attended  with  rise  of  tcm}>erature  and  tumefaction.  The  compound,  when 
exposed  to  the  air,  gives  off  ammonia  till  it  has  lost  its  odour,  and  is  con- 
verted into  the  following  compound  : — b.  NH',CdCl. — Chloride  of  cad- 
mium treated  with  aqueous  ammonia  yields  a  white  powder,  which  dis- 
solves on  the  application  of  heat,  and  is  deposited  in  the  form  of  a 
crystalline  powder  on  c(»oling.  When  heated,  it  gives  off  16*63  per  cent. 
(1  At.)  of  ammonia,  mixed,  however,  with  a  small  portion  of  sal- 
ammoniao ;  consequently,  the  residue  is  no  longer  soluble  in  water. 
(Croft,  Fhil.  Mag.  J.  21,  355.) 

K.  CuLoiiiDE  OP  Cadmium  and  Ammonium. — NH^Cl,CdCl. — A 
concentrated  solution  of  chloride  of  cadmium  and  eal-ammoniao  in  equal 
numbers  of  atoms  yields,  at  first,  silvery  needles  containing  1  atom  of 
water;  these,  however,  giiuiually  disappear,  and  are  replaced  by  large 
anhvdrous  rhombohedrons,  slightly  soluble  in  alcohol  and  wood-spirit. 
(Croft.) 

Pure  hydratcd  Carhniaie  and  Phos^pkate  of  Cadmic  Oxide  dissolve 
readily  in  sulphate,  hydrochlorute,  nitrate,  and  succinate  of  ammonia. 
(Wittstiin,  Ji^pert.  57,  32.) 


Cadmium  and  Potassium. 

A.   Sulphate  of   Cadmic    Oxide  and   Potash. — Yields  crystals 
having  the  form  of  sulphate  of  magnesia  and  ammonia.  (Mitschcrlich.) 
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B.  Iodide  of  Cadmium  and  Potassium. — KI,CdI. — Not  crystal- 
lizable;  very  easily  soluble  in  water, — slightly  soluble  in  alcohol  and 
wood-spirit.   (Croft.) 

C.  Bromide  op  Cadmium  and  Potassium. — KBr,CdBr. — Hydrated 
needles^  very  easily  soluble  in  water^  slightly  soluble  in  alcohol.  (Croft.) 

D.  Chloride  op  Cadmium  and  Potassium. — KCl,CdCl. — Yields 
anhydrous  and  hydrated  crystals,  analogous  to  those  of  chloride  of  cad- 
mium and  ammonium.  Dissolves  in  water  less  readily  than  C ;  slightly 
soluble  in  alcohol  and  wood-spirit.  (Croft.) 

Cadmium  and  Sodium. 

Carbonate  of  soda  does  not  dissolve  cadmic  oxide  before  the  bloW' 
pipe. 

A.  Melted  Borax  dissolves  the  oxide,  forming  a  clear  glass,  which  is 
yellowish  while  hot,  becomes  almost  colourless  on  cooling,  and  if  mode- 
rately charged  with  oxide,  becomes  milk-white  by  gentle  flaming,  but  if 
more  strongly  charged,  assumes  an  enamel-white  appearauce  on  simple 
cooling;  if  heated  on  charcoal,  it  boils  continuously  in  consequence  of 
the  reduction  and  volatilization  of  the  cadmium. 

B.  Microco^nic  Salt  dissolves  the  oxide  abundantly,  forming  a  clear 
glass,  which,  if  saturated,  becomes  milk-white  on  cooling.  (Berzelius.) 

C.  Chloride  op  Cadmium  and  Sodium.  —  NaCl,  CdCl. — Warty 
crystals,  containing  3  At.  water,  soluble  in  1'4  parts  of  water  at  16**j 
slightly  soluble  in  alcohol  and  wood-spirit.  (Croft.) 

Cadmium  and  Calcium. 

HypophoBphite  of  Cadmic  oxide  and  Linie  ? — By  boiling  cadmic 
oxalate    in    excess   with  hypophosphite  of  lime    and  water,   and   eva- 

E orating  the  filtrate  in  vacuo,  a  crystalline  mass  is  obtained,  which,  when 
eated  in  a  retort,  gives  off  spontaneously  inflammable  phosphuretted 
hydrogen  gas,  a  character  by  which  it  is  distinguished  from  pure  cadmic 
hypophosphite.  It  contains  :  hypophosphite  of  lime,  3*74;  hypophosphite 
of  cadmic  oxide,  68*80 ;  water,  27-46  (4  At.).  (H.  Rose,  Fog^.  12,  294.) 

Cadmium  and  Silicium. 

Hydrated  Silico-Fluoride  of  Cadmium. — Long,  transparent,  and 
colourless  prisms,  which  arc  very  easily  soluble  in  water,  and  eflfloresce  in 
warm  air,  forming  an  opaque,  easily  disintegrated  mass.  (Berzelius,  -Po^y* 
h  199.) 

Cadmium  and  Tungsten. 


A.  TuNGSTATEOF  Cadmic  Oxide.-— a.  Monoiungstate, — Monotungstaie 
of  potash  or  soda  added  to  a  cadmic  salt,  throws  down  a  white  powder, 
which  gives  off  its  water  when  heated,  assuming  a  reddish  or  yellowish 
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eolonr,  and  afterwards,  when  heated  to  redness,  becomes  bluish-black, 
and  bakes  together  into  a  hard  mass.  It  dissolves  in  phosphoric  acid, 
oxalic  acid,  and  ammonia,  but  not  in  water. — b.  BUungstate,  By  preci- 
pitating with  an  alkaline  bitungstate.  The  white  pulverulent  precipitate 
18  anhydrous;  when  ignited,  it  turns  grey  and  bakes  together.  Soluble 
in  phosphoric,  oxalic,  acetic  acid,  and  ammonia,  but  not  in  water.  (Anthou, 
J.pr.  Chem.  9,  341.) 

a.    Ignited,  Anthon. 

CdO   64       ....       34-78        ....        35-87 

W0» 120       ....       65-22         ....         64-13 

CdO,WO» 184       ....     100-00        Z       10000 

a.  Hydrated.  Anthon. 

CdO  64  ....        31*68  ....         33 

WQS 120  ....        59-41  ....         59 

2H0      18  ....          8-91  ....          8 

CdO,WO»  +  2Aq 202       ~       10000        Z.       100 

B.  SuLPHOTUNGSTATE  OP  Cadmium. — CdS,WS'. — On  mixing  the 
eolation  of  a  cadmic  salt  with  sulphotungstate  of  potassium,  this  com- 
pound is  immediately  precipitated  in  the  form  of  a  lemon-yellow  powder. 
(Berzelius.) 

Cadmium  and  Molybdenum. 

A.  MoLTBDATE  OP  Cadmic  Oxide. — Molybdatc  of  ammonia  gives, 
with  sulphate  of  cadmic  oxide,  a  greyish  white  precipitate  which  turns 
brown  when  gently  ignited.  (Brandes.) 

B.  SuLPHOMOLYBDATE  OF  Cadmium. — By  precipitating  a  cadmic  salt 
with  sulphomolybdate  of  potassium.  Dark-brown  precipitate,  insoluble 
in  water.  (Berzelius.) 

C.  Persulphomolybdate  op  Cadmium. — By  precipitating  with  per- 
snlphomolybdate  of  potassium.  Red  precipitate.  (Berzelius,  Pogg,  7, 
286.) 

Cadmium  and  Vanadium. 


Vanadiatb  op  Cadmic  Oxide. — a.  Monovanadiate. — On  mixing 
concentrated  solutions  of  an  alkaline  monovanadiate  and  a  cadmic  salt, 
a  portion  is  immediately  precipitated  in  the  form  of  a  yellow  substance 
which  gradually  turns  white;  the  greater  part  of  the  salt  is  subsequently 
deposited  as  a  white  crystalline  crust. — b.  BivanadiaU. — Soluble  in  wateri 
(Berzelius.) 

Permanganate  of  Potash  does  not  precipitate  hydrochlorate  of  cadmic  oxide. 


Cadmium  and  Arsenic. 

A.  Sulpharsenite  op  Cadmium. — By  precipitating  a  cadmic  sah 
with  a  saturated  solution  of  sulpharsenious  acid  in  hydrosulphatc  of 
ammonia.  The  pale  yellow  precipitate — orange-yellow  when  dry — - 
becomes  semi-fluid  when  heated,  and  is  converted,  by  loss  of  orpimcnt, 
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into  a  Bwollen,  metal-grey  compouiid  of  tnlpliicle  oi  e»dmivBi  wHk  a 
snmll  quantity  of  orpiment,  which  fonns  a  deep-yellew  powder.  (Ber* 
selins,  Po^jf.  7,  146.) 

B.  ScLPHARSEMATE  OF  Cadmium. — Aqueoiis  Bulpharseniate  of  sodiom 
giyes  a  light  yellow  precipitate  with  cadmic  salts.  (Benelius,  Pogg,  7»  83.) 

Cadmium  and  Antimony. 

SuLPHANTiMONiATE  OF  Cadmium. — The  Bolution  of  Schlippe's  salt 
giyes  a  light  orange-yellow  precipitate  with  cadmic  salts,  if  the  former  be 
m  excess;  bnt  if  the  cadmic  salt  is  in  excess,  the  precipitate  is  darker  in 
colour  and  becomes  red-brown  after  remaining  for  some  time  immersed  in 
the  liquid.  (Rammelsberg,  Fogg.  52,  236.) 

Cadmium  and  Tellurium. 

SuLPnoTELLURiTE  OP  Cadmium. — Analogoiis  to  the  cerinm-compound 
(IV.  425). 

Other  Compouhds  of  Cadmium. 

With  Copper,  Mercury,  and  Platinum. 


Chapter  XXX. 
T    I    N. 


Proust.     J.  Phys,  51,  173;  also  Scher,  J,  8,  481. — J.  Phy$.  61,  338;  also 

N.  Gchl  1,  249;  also  Gilh.  25,  440. 
Berzelius.     Schw.   6,  284. — Further:    Ann,   Chim,  Phys,  5,    141;    also 

K  Tr.  2,  2,  359. 
J.  Davy.     JSckw,  10,  321. 
Gay-Lussac.     Ann,  Chim.  Phys.  1,  40. 


Synonymes:  Etain,  Zinn,  Stannum,  Jupiter. 

Uutory.  Tin  was  known  in  the  metallic  state  as  early  as  the  time 
of  Moses;  it  was  imported  by  the  Phoenicians  from  Spain  and  England. 
Bichloride  of  tin  was  discovered  in  the  sixteenth  century  by  Libavius. 
The  preparation  of  Mosaic  gold  was  taught  by  Kunkel.  The  chief  con- 
tributions to  our  knowledge  of  the  compounds  of  tin  have  been  made  by 
Pellctier,  Proust,  J.  Davy,  and  Berzelius. 

Sources.  Most  frequently,  as  binoxide,  in  Tin-stone;  rarely  with 
sulphur  and  copper,  in  Tin-pyrites.  In  very  small  quantities,  as  binoxide, 
in  the  Scidschiitz  water,  and  in  many  meteoric  stones  (Berzelius);  in 
Manganesian  Epidote  and  native  peroxide  of  manganese  (Braunstein) 
from  Piedmont^  and  in  all  Scandinavian  Epidotes.  (Sobrero.) 


Frtforatian  on  the  large  leafe.  Tin-stone  is  broken  u|i — toasted  to 
4riire  oil'  the  sulphur  and  arseuic  of  the  ores  tbat  are  niixt'cl  vritb  it,  and 
convert  the  other  luotiils  into  light  oxides  e&sily  separated  from  the 
kaftri«F  tin-slone  \\y  washine — and  then  funed  in  conlact  nith  charcoal, 
either  in  smeltiDg  furnaces  or  in  revc  rberatory  fumarcee,  aometiuies  with 
the  addition  of  a  calcareous  flax. — Purijieatian  on  Ihn  laiye scale. — 1.  By 
gODtle  heating,  whereby  the  purer  Liu  fuBes  and  runs  off,  while  the  tnoro 
Tefractory  alloys  of  tin  und  the  foreign  nielals  remain  uomeltad. — 2.  By 
fiMMn,  with  imperfect  access  of  air,  whereby  the  foreign  metals,  together 
with  a  portion  of  the  tin,  are  oxidiieii  first. — The  purest  varieties  of  tin 
•re  Malacca  and  hanea  tin  and  English  Grain-tin;  then  follows  Commas 
£ngli»h  Grain-tin;  then  English  Block-tin  and  Saxon  and  BtJiemian 
Jfine^in  {Btrgtinn) ;  then  Tin-refage  an<l  Tin-Kum  {Abganffi-vnd 
Jbitrioh-iinn).  The  impurities  consist  of  arsenic,  antimony,  bismuth, 
line,  lead,  iron  and  copper;  they  reniuin  for  the  most  part  in  the  form 
black  powder,  on  dissolving  the  tin  in  hydrochloric  acid.  The 
mater  part  of  the  arsenic  is,  however,  evolved  in  the  form  of  arseniuretted 
nyiirogen  gas,  and  may  he  detected  by  Marsh's  process,  Sluremberg 
(Ann.  J'/uirm.  20,  316)  found  arsenic  in  all  commercial  tin,  and  likewise 
In  tin-foil  and  tin-plate;  a  sample  of  Banca  tin  aod  likewise  of  English 

r*n-tin  were,  however,  found  to  he  free  from  arsenic.  Cbevallier 
Chim.  Med.  16,  250)  likewise  obttuned  araeniuretted  hydrogen  gaa  on 
dissolving  Banca  tin  which  wa8  said  to  be  free  from  arseDic  and  did  not 
deposit  any  blnck  powder  when  dissolved, — Parijicalian  on  tht  ttnali 
leair. — This  is  effected  by  oxidizing  tin-filings  with  excess  of  nitric  a<ad, 
washing  the  resulting  binoxide  with  hydroclilorio  acid  and  water,  and 
tediiciug  it  in  a  closed  charcoal  crucible  at  a  low  white  heat.  If  puro 
water  be  used  in  the  washing,  the  stannic  oxide  retains  oxide  of  copper. 

Prfiprrlia.  Crystalline  system  the  square  prismatic.  When  a  feeble 
Burrent  from  a  Daniell'e  buttery  (1.  4^1)  is  pai'sed  through  aqnenus 
livdrochlorate  of  stannous  oxide,  the  positive  pole  being  formed  of  » 

Jiinte  of  tin,  the  negative  polar  wire  becomes  covered,  in  the  coarse  of 
bor  days,  with  perfect  crystals  belonging  to  the  square  prismtitie  evstem. 
Fig.  30,  without  the  p  face,  but  having  the  four  Q-faces  and  likewise 
eight  ac n in  i nation* faces  resting  upon  f  and  a.  Maclo-crystals  are  of 
ftie^Qenl  occnrrenee.  (Miller,  Phil.  Mag.  J.  22,  263.)  Mather  {fiiil.  Ann. 
J.  27,  2.14)  likewise  obtained  right-angled  faur-sided  eryatala  of  n^etallio 
tin,  upon  a  piec«  of  the  tnetnl  iintncrsed  in  a  solution  of  the  proto- 
vfaloride.  Brooke  nbtiiine<l  eigbt-side^l  needles  by  elowly  cooling  melted 
tin,  nnd  pouring  off  the  portion  which  remained  liquid.  Pajot,  on  the 
other  hand  {J.  Phyx,  38,  5-i),  obtained  riiombic  tables  by  thin  process; 
and  Breilhaupt  {Sthu:  52,  171)  mw  tin  from  a  Cornwall  tin-furnoc9 
or^talliKcd  in  short,  regular,  six  sided  prisms.  These  crystals  were 
Y^gKrded  by  Miller  as  (JuSn'.  Frankenheim  (Poqg.  40,  436)  conclndet^ 
ftota  tlie  angles  of  the  dendrites  in  the  tin-tree,  tbat  the  crystals  belong 
*•  the  regidar  ^stcm. — Specific  gravity  of  tin-crystaU  =7  178,  and  after 
Ibaios  and  solid ifi cation,  7*298  (Miller);  of  tin  solidified  from  fnsion, 
T-281  (Brisson),  72911  (Kunff'er),  7-200.?  (Karsten);  of  rolled  tin,  7-299 

SrliBoa).  Softer  than  gold,  harder  than  lead;  fracture  indented, 
lerepitatee  when  l)ent  This  crackling  of  tin  {Qeahm  dts  Zinns)  is 
Woducod  by  the  displacement  of  the  crystals  of  which  it  is  made  op. 
Tin  cannot  1>e  drawn  out  into  fine  wire,  but  may  he  beaten  out  into  thin 
Vhtea  {Tin-foil).     Bluish-white,  with  a  strong  lustre.     Melto  at  222-5° 
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(G.  A.  Erman),  &t  238'  (Cricliton),  at  230=  (Kupffer),  at  2B7°  (Worveau). 
and  contracts  sligLlly  in  cooling  (Marx).  Boils  at  a  wLile  heat.  Tiio 
disapreeablo  oJuur  uacribed  to  tin  uoea  not  properly  bclonp  (o  the  metiil 
itself,  but  IB  solely  dne  to  its  action  on  animal  substancci,  the  fingers  for 
example,  witli  which  it  comes  in  contact — Nitric  acid  of  moderate 
etrongth  attacks  tin  with  violence,  but  without  dissolving  it,  and  convetts 
it  into  a  white  powder.  Tin  may  also  be  easily  distinguished  from  otUer 
metale  by  its  beliaviour  -with  a  solution  of  gold  containing  exceas  of 
livdruchtoric  acid;  a  bright  surface  of  tin  imraereed  in  sncU  a  solution,  ie 
blackened  without  evolution  of  gas;  zinc  turns  black  and  liberates  gas  J 
lead  does  not  blacken.  (Friedeminn,  Reptrt.  77,  224.) 


Compound*  of  Tin. 

Tin  and  Oxygen. 

A.  Stannods  Oxipe.    SnO. 

Protoxide  of  Tin,  Zinnoxydul,  Oxi/de  Sianntux. 
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Porviation.  Tin  slowly  decomposes  water  mixed  with  bydi 
a«id,  sulphuric  acid,  or  pota.sh,  and  dissolves  in  these  substances  in  tbe 
form  of  stannous  oxide.  The  hydrogen  which  is  evolved  contains  arsenic, 
if  that  metal  is  present  in  tbe  tin.  The  aqueous  solutions  of  sal-animoniac, 
common  salt,  bisulphate  of  potash,  alum,  cream  of  tartar  and  borax-tartar 
likewise  dissolve  small  quantities  of  tin  when  heated,  and  fonn  solutions 
of  stannous  oxide;  tin  is  also  dissolved,  though  in  very  small  quantity, 
by  the  ac|Ueoii8  solntions  of  nitrate  of  soda,  monotartmte  of  potaah,  and 
Rochelle  salt.  Solutions  of  carbonate  of  potash,  sulphate  of  soda, 
chloride  of  barium  or  coloium,  sulphate  of  magnesia,  and  titrate  of  potash 
and  ammonia  do  not  retain  tin  in  solution,  but  in  contact  with  air  producs 
a  deposition  of  stannic  oxide,  Nitre,  borax,  and  diphosphate  of  soda 
have  no  action  upon  tin.  (Lindes,  BtrL  Jahrb.  32,  2,  93;  Cludius,  J.  pr. 
Chem.  a,  161.) 

Pre}iaralimi.  1.  Stannous  oxide  is  precipitated  in  the  form  of  hydrate 
from  its  solution  in  hydrochloric  acid  by  the  addition  of  carbouat«  uf 
potash  in  excess — the  hydrate  quickly  washed  with  thoroughly  boiled 
water,  and  as  much  as  possible  out  of  contact  of  air — then  dried  at  a 
temperature  not  exceeding  80" — and  lastly  freed  from  water  by  heating 
it  in  a  retort  completely  filled  with  it,  and  having  tbe  air  replaced  by 
hydrogen  or  carbonic  acid  gas.  (Benelius.) — 2.  Hydrochlorate  of  stan- 
nous oxide  is  treated  with  excess  of  ammonia,  and  the  precipitated 
hydrate  of  stannous  oxide  boiled  quickly  for  awhile  to  convert  it  into 
the  anhydrous  oxide,  which  is  then  quickly  washed  and  dried.  (Gay- 
Lussac.) — 3.  Aqueous  hydrochloric  acjd  is  saturated  with  tin;  the  solu- 
tion evaporated  in  contact  with  a  piece  of  metallic  tin,  till  a  residue  of 
fused  pro tochlo ride  of  tin  is  left;  the  metal  then  taken  out;  I  A  t.  of  the 
chloride  of  tin  (94-4  parts)  mixed  in  a  mortar  with  1  At.  (H3-2  parU) 
or  more  of  crystallized  carbonate  of  soda;  the  fluid  mixture  healed  in  a 
basin — with  constant  stirring— ti  11  it  has  become  black  through  and 
through;  the  chloride  of  sodium,  after  cooling,  extracted  with  boiling 
wnlcr;  the  stannous  oxide  washed  with  boiling  water  on  the  filter,  and 


STANNOUS   SALTS. 

J&fttly  dried  at  a  gentle  best.  (Sandall,  Phil.  Mag.  J.  12,  216;  also  ^. 
pr.  VKfm,.  14,  2o4.)  This  \e  a  very  advantageoua  mode  of  preparation, 
(Bfittgw,  Ann.  Fharm,.  29,  87.) 

Proptrlie*.     Black  powder,  of  epecific  gravity  6-6G6;  brown-greenisb- 

B«y  when  pounded.  (Berselius,)  Olive-green.  (Qay-Loasac.)  Bluish- 
ack  or  elatc-grey.  (Sandall .)  Wlieu  hydrate  of  staanons  oxjde  is  boiled 
witli  a  quantity  of  potash  not  sufficient  to  dissolve  it,  the  undissolved 
portion  is  converted  into  small,  hard,  ehining,  black  crystals  of  anhydrous 
stannic  oxide,  which,  when  heated  to  200",  decrepitate,  swell  np,  and 
fall  to  pieces,  and  are  converted  into  the  olire-green  protoxide  like  that 
obtained  by  Gay-Lussac.  On  evaporating  a  very  dilute  solution  of  eal- 
ammoniac  in  which  bydratcd  protoxide  of  tin  is  diS'used,  that  compound 
it  converted,  as  soon  as  the  enl-amnioniao  crystallizea,  luto  the  anhydrous 
protoxide,  having  the  form  of  a  cinnabar-coloured  powder,  which,  by 
friction  with  a  hard  body,  is  immediately  converted  into  the  greenish* 
brown  bi no xide.  There  are  therefore  tliree  modiUcations  of  stannou?  oxide: 
etTBtallized,  olive-green,  and  red.  (Fremy,  Cowpt.  rend.  15,  1107;  also 
X  J.  Fharm.  3,  28.)—^  Roth  (Ann.  I'harm.  CO,  214)  obtains  the  red 
inodificatioii  by  thoroughly  washing  the  white  hydrate  of  stannous  oxide 
Mid  digesting  it  at  a  temperatnre  of  56°  with  a  solution  of  that  oxide  in 
Bcetto  acid,  the  acid  beiii«^  slightly  in  excess  and  the  solution  having  a 
■pooific  gravity  of  1'06.  The  stannous  oxide  is  then  converted  into  heavy, 
Itard,  cryetalline  grains  which  yield  a  greenish-brown  powder  by  tritura- 
tion ;  they  take  fire  when  heated,  and  soon  blacken  by  exposure  to  sun- 
■biue.     With  chemical  re-agents,  they  behave  like  stannous  oxide,  IT 

Beneliiu.       J.  Dbtj.      Gay-LuBsac.    Promt. 

'Bn    59     ....     8806         ....         88'0S8     ....    88-lH     ....     SB'106     ....     B7 

0 8     ..„     11-94         ...  11'9;2     ....     11-99     ....     I1-B94     ....     13 


100-JOO 


.  100-0( 


.  100 


(SdO  =  7a5'29  +  100  =  835-29,  BerzeUus.) 


Deeompontioiit.  Reduced  to  the  metallic  etate,  by  charcoal  at  a  strong 
red  beat;  by  potassium  at  a  moderate  heat,  and  with  combustion.  By 
■olpbur  it  IS  converted  into  eulpbide  of  tin,  with  evolution  of  sulphurous 
Kcid;  and  by  boiling  with  a  small  quantity  of  potash-loy,  into  metallic 
tin  and  stannic  acid,  the  latter  dissolving  in  the  potash. 

CotriAinali«iit.  a.  With  Water. — Hydrate  of  Stankocs  Oxidb. 
When  a  solution  of  protochloride  of  tin  ia  mixed  with  excess  of  carbonate 
of  potash,  ur  with  excess  of  ammonia,  the  hydrated  protoxide  is  pre- 
cipitated in  the  form  of  a  brilliant  white  powder,  containing,  according  to 
'frooBt,  5  per  ceut.  of  water,  which,  according  to  BpKeliua,  it  gives  op 
'V'faen  gently  lieated,  or  even  when  boiled  with  water, — IT  According  to 
Schaffner,  the  precipitate  formed  by  ammonia  is  not  the  hydrate,  but  » 
banc  salt.     The  composition  of  the  hydrate  is  2SnO,HO,  % 

h.  With  Acids,  forming  the  Salts  of  Stannous  Oxidp.  or  Stannous 
^XhTe.—ProlotatU  of  Tin.— These  salts  are  obtained  by  dissolving 
vct^llic  tin,  the  protoxide,  or  its  hydrate — which  is  more  easily  soluble 
• — in  acids.  Most  of  them  are  either  colourless  or  yellowish,  redden 
Gtmus,  and  have  a  very  disagreeable  metallic  taste.  I'hey  rapidly 
t  oxygen  from  the  air  and  other  oxygen  compounds,  and  are 
converted  into  stannic  salts;  hencp  tDey  give  a  purple  or  brown 
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precipitate  with  chloride  of  ffold,  &c.  [For  a  more  detailed  description  of 
this,  vid.  Protochloride  of  Tin.^^  Those  which  contain  a  volatile  acid, 
give  it  off  at  a  rod  heat,  and,  if  the  air  ha;?  access  to  them,  are  converted 
into  stannic  oxide.  With  carbonate  of  soda  npon  charcoal  in  the  inner 
blowpipe-flame,  they  yield  globules  of  metallic  tin. — Zinc  and  cadmium 
immersed  in  the  aqueous  solutions  of  these  salts  precipitate  the  tin  in  an 
arborescent  form:  the  T'ni-trcf,  Arbor  Jovis.  Acetate  of  stannous  oxide, 
however,  is  not  reduced  by  tin  or  cadminm.  Iron  reduces  the  tin  from 
the  hydrochlorate  and  a<'etate,  provided  the  iron  is  mode  to  dip  into 
water  in  which  is  likewise  immersed  a  bladder  containing  the  tin-solution, 
80  that  the  latter  may  mix  very  slowly  with  the  water  by  endosmose. 
Iron  does  not  ])recipitate  tin  from  the  protochloride  at  a  boiling  heat. 
Lead,  when  first  immersed,  reduces  a  small  quantity  of  tin  in  brilliant 
needles,  but  the  action  soon  ceases.  (Fischer,  Pogg.  9,  263;  10,  603.) 
Hydrosulphuric  acid  gas  and  hydrosulphate  of  ammonia  precipitate  dark- 
brown  hydrated  protosulphide  of  tin.  This  precipitate  dissolves  in  a 
large  excess  of  hydrosulphate  of  ammonia — provided  that  compound 
likewise  contains  hydrosulphite  of  ammonia — and  is  precipitated  from 
the  solution  by  acids  in  the  form  of  yellow  bisulphide  of  tin.  (H.  Rose.) 
—Hydrosulphuric  acid  gives  no  precipitate  in  a  solution  containing  less 
than  1  part  of  tin  in  120,000  parts  of  water.  (Pfaff.) — A  solution  of 
I  part  of  crystallized  hydrochlorate  of  stannous  oxide  in  100  parts  of 
water,  mixed  with  15  parts  of  hydrochloric  acid  of  specific  gravity  1*168, 
is  immediately  precipitated  by  hydrosulphuric  acid;  with  25  parts  of 
hydrochloric  acid,  not  till  after  some  time;  with  40  parts  of  hydrochloric 
acid,  not  at  all,  but  immediately  on  adding  more  water.  (Reinsch.  J.  pr, 
Chem,  13,  132.)  —  Iodide  of  potassium  gives  a  yellowish-white  curdy 
precipitate,  which,  if  the  tin  and  iodine  are  in  proper  proportion  and  the 
solution  duly  concentrated,  is  soon  converted  into  protiodide  of  tin. 
Ammonia,  carbonate  of  ammonia,  and  carbonate  of  potash  throw  down 
the  white  hydrate  of  stannous  oxide,  insoluble  in  excess  of  these  pre- 
cipitants. — An  excess  of  potash,  on  the  contrary,  re-dissolves  the  pre- 
cipitated hydrate,  forming  a  solution,  which  deposits  metallic  tin  in  the 
form  of  a  black  powder,  slowly  in  the  cold,  rapidly  when  heated,  stannate 
of  potash  being  formed  and  remaining  in  solution. — Phosphate  of  soda 
throws  down  white  phosphate  of  stannous  oxide. — Oxalic  acid  throws 
down  white  oxalate  of  stannous  oxide. — Croconato  of  potash  gives  an 
orange-yellow  precipitate  with  stannous  salts. — Succinic  acid  and  the 
alkaline  benzoates,  according  to  Pfaff,  give  white  precipitates  to  the 
ten- thousandth  degree  of  dilution. — Tincture  of  galls  produces,  insola- 
tions not  containing  a  very  great  excess  of  acid,  an  abundance  of  light- 
yellow  flakes. — Ferrocyanide  and  ferricyanide  of  potassium  produce 
white  precipitates  soluble  in  hydrochloric  acid. — Stannous  salts  which 
are  insoluble  in  water,  dissolve  in  hydrochloric  acid — ^provided  they  have 
not  been  ignited — but  not  in  sal-ammoniac. 
c.  With  Potash  and  Soda. 

Oxides  of  Tin,  intermedial  between  Stannous  and  Stannic  Oxide. 

a.  Sesquioxide,  Sn^O^ — 1.  Aqueous  hydrochlorate  of  stannous  oxide, 
somewhat  in  excess,  is  boiled  with  freshly  precipitated  hydrate  of  ferric 
oxide  or  hydrate  of  manganic  oxide,  and  the  precipitated  sesquioxide  of 
tin  thoroughly  washed.  (Fuchs,  Kastn,  Arch.  23,  368.) — 

Fc30'  +  2SnCl  =  Sn-03  +  2F0CI. 


Tltvpr^cipitAtAu  freqaentJy  mixed  frith  Ly^Tated ferric oxiile'  ^Borselins.) 
TIk-  liydnueil  ferric  oxide,  even  wtea  reoenliy  precipitaUd,  acts  much 
lose  4«ucl^ty  iii  Uie  cold  ttian  at  a  lioilitig  lieal;  tLe  dfietl  liydmte  rc^uin 
«OiMii>u(Hl  builingj  finely  pounded  ftpeculnr  iron  mU  liut  very  i«iper- 
Aedy  at  a  Iwiling  Lent.  Even  wlieo  the  hydrocUlornte  of  etaauons  oxii$ 
'  UQo  SO  fi'ce  ucid,  a,  small  iimuLity  of  iron  ia  iliaeolved  at  tbe  be|;in- 
vi  tlie  tM!liuH,  before  the  precipitAtioii  of  the  sesquioxide  of  tin  t^ee 
v.  It  ike  liydiuted  ferriu  oxide  be  briskly  boiled  with  excess  of 
WM  byitroolilotule,  the  pre(MpitaI«  which  forms  at  first  is  re-disMlved 
•  vbne,  but  ftppcnxM  agaia  on  the  addiUon  of  water;  under  these 
msUBoe^  liowever,  tbe  sesijuiuxide  of  tin  ia  cwitaiitiQi.ted  with 
bydrocblorftle  of  stimnoue  oxide. — Pulverieod  Pyrcdu^te  acts  but 
very  ^'■•iy,  evea  on  boiling;  hut  if  the  liquid  be  boiltd  down  nesxly  to 
-Jryiiriif. — wliercujion  a  Inrge  quantity  of  bydrucbloric  acid  is  evolved,  but 
BO  cbtorine — tuid  the  residue  di«£olve(i  in  wuter,  seaiiuiuxide  of  tin  eepar 
«|M  from  the  Golution,  mixed  witli  pyrolusite.  (Fni^bi^.} — 2.  Hydro- 
cUfftnte  ui  etaronoae  osidc  is  mixed  with  hydmcblorate  of  fvrric  oxide, 
M(l  fl«  aoon  OB  tke  yelloW'Colour  of  th«  mixture  has  changed  to  grecoisli, 
ike  liydr»ted  oxide  is  precipitated  from  it  by  adding  varbonitte  oTliime  in 
«xoen,  and  ufiplying  a.  gentle  heart.  (Fuobe,  J.  pr.  Ghent.  5,  318.) — 
8.  A  Dolution  of  bydrochloraUi  of  stanoous  oxide,  mturated  %a  far  ae 
possible  ivitii  lUDnioiiia,  ia  mixed  in  exceae  with  tbe  dark  red  soluLiou  of 
usic  bydrochloralo  of  ferric  OKide,^-oli[aiuod  by  suturatin^  aqacoua 
JtjArodti'lDrttte  of  ferric  oxide  with  recently  precipitated  hydrate  ef  ferrio 
oxide,  or  by  mixing  the  aqueous  solution  of  the  hydroclii orate  uf  ferric 
oxide  with  as  much  ammonia  an  can  be  added  to  it  without  producing  a 
pennuicnt  precipitate — and  the  mixtnre  heated  to  60'  i»  a  vessel  cora- 
rinely  filled  with  it.  The  liquid,  wbicb  is  dark  browu  at  first,  gradually 
loees  Its  colour,  and  the  hydrated  seaqujoxide  of  tin  is  precipitated  free 
from  iron.  (Benwlitis,  Pong.  88,  448.) — White,  with  a  tinge  of  yelJuw. 
(PnL'hcj.)  The  precipitate,  which  is  gummy  and  dilGcult  to  wash,  dries 
ap  io  a  maas  of  yellow,  tra«alaoeiit  giTUiuleH.  The  hydrate  turns  black 
imen  igwited  out  of  ctmtact  of  air.  It  dissolvea  eoiopletely  in  ammonia, 
•nd  ie  tlieiiefure  sot  a  mere  mixture  of  staunic  and  siunuouH  oxides,  ttma- 
lUUlb  as  the  Urttt^r  is  insoluble  in  ammonia.  ( Berxelius.)^ — ^[Prohably, 
H  a  salt— &sO,E!nO°,  containing  the  soluble  modilicatioa  uf 
acid.} 

i.  Atiomalout  Sta-anaif  of  Stannoui  Oxide. — When  hydrated  atannio 
oxide,  obtained  by  treating  tin  with  nitric  acid,  is  digested  in  cold 
aqueous  hydrocblorut«  of  stannous  oxide,  it  abatriicts  tie  whole  of  the 
Mamious  oxide,  and  is  converted  into  an  orange-yellow  compound  of 
■hodMIous  stannic  acid  with  stannous  oxide.  (Premy,  N.  J.  I'harm.  1, 
3t^)  According  to  Fremy'a  stateraeat,  the  composition  of  this  substance 
ia  pitAnbly  SnO.dSnO'. 


B.  Stanmic  Oxide.    Stanmic  Aci 


SnO'- 


xide  of  Tin,  PeJ-oxide  of  Tin,  Zinnoxyd,  Zinatdun;  Deutoxyde 


tTEtain,  Oxyif  tlnnniqi 
Tin-$U>ne  and  Wr>od-tin. 


,  Acide  etatinique 


j^omation.  Tin,  when  heated  in  the  aii 
Willi  »  bright  while  flame,  and  is  converted 
y'  Tin,  Ztnnblumcni  Floixn  Utanm  s.  Jovis. 


to  its  hoiliog  point,  bums 
nto  stannic  oxide:   Flow 
When  fuaed  in  the  air, 
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becomes  covered  \7ith  a  grey  film,  and  is  converted  into  a  grej  mixtnre 
of  metallic  tin  and  stannic  oxide — Tin-aah — which,  by  longer  ignition,  is 
converted  into  pure  stannic  oxide. — Tin  immersed  in  water  containing 
y^  part  of  potash,  becomes  dull,  and  imparts  a  small  quantity  of  stannic 
oxide  to  the  liquid.  (A.  Vogel,  J.  pr,  Chem.  14,  107.)— 2.  Stannic  oxide 
is  formed  in  the  decomposition  of  aqueous  vapour  by  red-hot  tin.  (Gay- 
Lussac,  Regnault.) — 3.  By  nitric  acid  tin  is  converted  rapidly,  and  with 
violent  evolution  of  heat,  into  hydrated  stannic  acid,  nitrate  of  ammonia 
being  at  the  same  time  produced.  Proust  states  that  the  oxidation 
of  melted  tin  by  fuming  nitric  acid  produces  explosion. — 4.  With  heated 
oil  of  vitriol  tin  produces  sulphurous  acid  and  stannic  sulphate. — 5.  The 
deflagration  of  tin  with  nitre  produces  stannate  of  potash. — 6.  When  tin 
is  heated  with  mercuric  oxide,  stannic  oxide  and  metallic  mercury  are 
formed. — 7.  Stannous  oxide  remains  unaltered  in  dry  air  at  ordinary 
temperatures;  in  damp  air,  it  is  converted,  in  the  course  of  a  year,  into 
stannic  oxide.  (Proust.)  When  heated  in  the  air,  or  when  merely 
touched  by  a  spark  from  the  flint  and  steel,  it  bums  like  tinder,  with 
groat  rapidity,  and  produces  a  small  quantity  of  white  smoke.  Hydrated 
stannous  oxide  likewise  burns  in  the  flame  of  a  candle,  but  less  rapidly. 
(Berzelius.) — Hydrated  stannous  oxide  placed  in  contact  with  carbonate 
of  copper  under  water,  liberates  carbonic  acid  and  forms  a  mixture  of 
stannic  oxide  and  crystalline  laminie  of  copper.  (Proust.) 

Preparation.  1.  By  rapid  or  slow  combustion  of  tin. —  2.  By  preci- 
pitating the  hydrate  from  hydrochlorate  of  stannic  oxide  by  means  of 
ammonia  or  carbonate  of  potash,  and  then  washing  and  igniting. — 
3.  By  oxidating  tin  with  nitric  acid  and  igniting  the  hydrate  after  wash- 
ing.— 4.  By  heatinc:  1  part  of  tin-filings  in  a  retort  with  4  parts  of  mer- 
curic oxide.  (Berzelius.) 

Properties*  Tin-stone  belongs  to  the  square  prismatic  system;  Fig. 
21,  29,  30,  and  other  forms.  « :e'=133^  36' 18";  <?:tf''  =  67'' 42' 32". 
Cleavage  parallel  to  e.  (Hauy.) — Specific  gravity  6-639  (Herapath), 
6*96.  (Mohs.)  Harder  than  felspar;  transparent,  brownish-yellow.  Often 
coloured  black  by  ferric  and  manganic  oxide. — The  oxide  prepared  by 
method  (I)  is  white;  all  the  other  artificial  varieties  are  straw-yellow 
powders  which  redden  litmus,  and,  when  heated,  acquire  a  transient 
orange-yellow  and  brown  tint.  Specific  gravity  of  the  artificial  oxide — 
690  (Boullay);  of  that  prepared  by  (3),  6-64  (Berzelius).  Stannic  oxide 
in  all  its  forms  is  very  refractory,  and  not  volatile. 

Proust.  J.  Davy.  Thomion. 
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Gay-Lussac.  Berzelius.  Klaproth. 
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SnO»  =  735-29  +2  .  100  =  93529.     (Berzelius.) 

Decompositions,  By  potassium  and  sodium  with  the  aid  of  gentle 
heat,  stannic  oxide  is  reduced  to  the  metallic  state,  the  reduction  being 
attended  with  incandescence. — ^It  is  also  reduced  to  the  metallic  state  by 


dnrmal  at  &  etmng  red  heat  (also  before  the  blowpipe  on  cbdi-coal,  if 
Cubonste  of  eoda  be  n<ided  and  the  flame  strongly  urged);  likewise  by 
carbonic  oiide  gaa  (Despreti,  Attn.  Chim.  Pkyt.  43,222;  Leplay  & 
Lani«nt,  Ann,  Chim.  Pkyt.  65,  404;  Gmelin);  alsu  by  a  misture  of  equal 
Tolumes  of  carbonic  oxide  and  carbonic  aeid  gnEea  (Leplay  &  Laurent); 
—by  the  oxy-hydrogen  blowpipe  (Cl&rk,  Pfaff),  and  by  a  current  of 
Irogcn   gas   at   tbe    temperature   at    which    tin    decumpoaes    water 


bydrof 
<DeBpi 


jretz); — eneily  at  a  low  red  heat  by  cyanide  of  potaesium,  which  i 
thereby  converted  into  cyanate  of  potaah.  (Liebig.) — By  sulphur  it  ii 
converted  into  bisulphide  of  tin,  with  evolution  of  sulphurous  acid. 

Combvnatiorn.  Stannic  acid  exists — as  discovered  by  Berzelius — in 
tro  isomeric  etntcs,  and,  accordingly,  forms  two  aeries  of  compounds  with 
water,  acids,  and  bases.  The  hydnifo  obtained  by  the  action  of  nitrio 
acid  apon  tin  cuntatDs  the  acid  oSoO^  which  combines  with  the  smaller 
Dontily  of  base,  and  is,  therefore,  analogous  to  nietaphoBphorie  acid  : — 
-.  The  hydrate  obtained  by  precipitating  bichloride  of  tin  with  an  alka- 
line carbonate  contains  the  acid  &SnO*,  which  eatumtes  three  times  as 

3'  phoB- 
xydum 
tlannieam,  and  the  latter  Oxydum  parastannicum;  Fremy  diatinguishea 
the  former  as  Aeide  itanniquf,  and  the  latter  aa  ,4cido  nutiutanniqur.  It 
Wonld,  however,  be  better  to  reverse  these  denominations,  so  as  to  make 
Uiem  Rgree  with  those  of  the  modifications  of  phosphoric  acid.* — For  tha 
present,  the  acid  obtained  by  the  action  of  nitric  acid  upon  the  metal 
maybe  distinguished  by  the  epithet  Anomalovi. — ^  H.  Rose  is  of  opinion 
tbat  there  exist  other  modifications  of  stannic  oxide  besides  those  dirtin- 
^iahed  by  Berzclius:  in  ]>artrcu1ar,  ho  mentions  Tin'ttone,  and  the  ignit«d 
oxide,  with  which  tbe  product  obtained  by  heating  stannic  oxide  to  red- 
new  with  alkaline  carbonates,  is  probably  identical.  Boso  is  moreover 
inclined  to  regard  (he  difierence  between  the  oxides  a  and  h  as  due,  not 
to  any  difference  of  saturating  power  which  they  may  possess  as  acids, 
bttt  to  some  other  cau^o.  {Fogg.  75,  1-)  1 

a.  With  Water.  —  a.  Anomalout  UyiJratf  o/  Slannic  Acid. — 
Formed  by  completely  oxidizing  tin  with  moderately  strong  nitric  acid, 
and  washing  the  resulting  white  powiler  with  water,  till  tlie  liiiuid  which 
rune  through  no  longer  reddens  litmus- paper. — It  is  a  white  powder, 
which  has  a,  density  of  i'USS,  and  reddens  litmus,  even  when  thoronghly 
washed,  although  when  ignited,  it  gives  ofl'  nothing  but  pure  water, 
wilhoat  an^  nitric  acid  or  nitrogen  gas.  (Berzelins.) — Tbe  hydrate  dries 
up  at  55°,  m  the  form  of  colonrless,  translucent,  friable  lumps,  having  a 
conchoidal  fracture.  When  dried  at  ordinary  temperatures,  it  is  white 
and  opaque,  with  a  silky  lustre,  and  contains  twice  as  much  water  as 
when  dried  at  the  higher  temperature.  (Thomson,  Ann.  Phil.  10,  149.) 

Thamran. 
BcnsUui.  Drird  at  bi". 

oSnO=    75       ....      B9-29         B9        60'64 

HO 9      ....     .1071         11         19-38 

H0,«anO» 84      ....     lOO-OO        100        lOOOO 

•i  Accordinz  to  Fremy  (A',  Ann.  Ckim.  Phyg.  23,  333),  the  anomalona 

hydrate  of  stannic  acid  (hydrate  of  metaitaniiic  neidl  dried  at  ordinary 

tpmiieraturea  in  air  free  from  moisture,  consists  of  Sn'0"'+10HO;  when 

•  In  rntoT'i  InlCT  memoirs  (e.f.  N.  Ann   Chim.  Fhyi.  23,  393)  tliia  change  ii 
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dried  in  vacno,  it  contains  Sn'0^*^  +  5H0;  when  kept  for  several  faonrs  at 
130°,  it  is  reduced  U>  Sn*0^'»-f  4H0;  and  at  160^  it  gives  off  anotlier 
atom  of  water  and  bccomCv'<Su*0^°  +  3H0.  The  most  permanent  of  these 
hydrates  is  that  which  contains  5 HO.  [The  composition  per  cent,  of 
this  hydrate  is  tlic  same  as  that  of  the  ordinary  hydrate  of  stannic  acid 
dried  m  vacuo,  SnO-,HO.]  (Comp,  Schaffner,  Ann,  Fkiirm.  56,  174.) — 
On  dissolving  any  of  tlio  above-mentioned  hydrates  in  caustic  potash, 
and  precipitating  by  an  acid,  a  precipitate  of  stannic  acid  (metastannic 
acid)  is  obtained,  insoluble  in  nitric  acid,  but  soluble  in  ammonia.  IT 

^.  Ordinai'y  Uydrnte  of  Stannic  Acid.  1.  By  precipitating  hydro- 
chlorate  of  stannic  oxide  with  carbonate  of  lime,  not  in  exoess.  The 
washed  precipitate  reddens  litmus.  (Fremy,  X.  J,  PJiarm,  1,  342;  also 
Pogg.  55,  519).  If  carlK)uate  of  potash  is  used  &s  the  precipitant  instead 
of  carbonate  of  lime,  the  precipitate  obtained  consists  of  staunate  of 
potash,  which,  under  these  circumstances^  is  insoluble  in  water.  (Fremy.) 
— 2.  By  precipitating  with  a  caustic  alkali  and  washing  thoroughly. 
The  gelatinous  precipitate  resembles  pieces  of  glass  when  dry;  it  red- 
dens moistened  litmus-paper,  and  is  slightly  soluble  in  water.  (Bercelius.) 
— The  ordinary  hydrate  of  stannic  acid  contains  more  water  than  the 
anomalous  hydrate,  and,  when  boiled  in  water,  or  dried  for  some  time  in 
vacuo  over  oil  of  vitriol  at  ordinary  temperatures,  gives  off  water,  and 
is  converted  into  the  anomalous  hydrate.  (Graham^  Ajui,  Pharm,  13, 
146.)  According  to  Fremy,  also,  this  hydrate  contains  more  water  than 
the  anomalous  hydrate,  and  is  converted  into  the  latter  by  drying  at  a 
strong  heat.  [Fremy's  later  results  have  already  been  given,  vid,  supJ] 

h.  With  Acids,  forming  the  Salts  op  Stannic  Oxide,  or  Stannic 
Salts. — The  native  oxide,  and  likewise  the  artificial  oxide  after  ignition^ 
are  quite  incapable  of  combining  with  acids.  By  ignition  with  excess 
of  caustic  or  carbonated  potash  or  so<la,  the  oxide  is  rendered  soluble  in 
acids. 

a.  Anomalous  Stannic  Salts, — The  anomalous  hydrate  of  stannic  acid 
does  not  dissolve  in  acids,  but  takes  up  some  of  them,  e.  g,  sulphuric  and 
hydrochloric  acid,  in  small  quantity.  When  the  compound  thus  formed 
with  sulphuric  aciii  is  digested  in  water,  after  the  excess  of  acid  has  been 
removed  by  decantation,  it  gives  up  to  the  water  the  acid  which  it  hajs 
taken  up;  the  hydrochloric  acid  compound  dissolves  in  water,  but  is  pre- 
cipitated from  the  solution  by  acids.  (Berzolius.)  [vid.  Anomalous  Uy- 
drochlorate  of  Stannic  Oxide.^ — IT  The  solutions  obtmncd  in  the  manner 
just  described  are  decomposed  by  boiling,  the  stannic  oxide  being  com- 
pletely precipitated,  and  the  more  quickly  in  proportion  as  the  quantity 
of  free  acid  in  the  solution  is  less. — Caustic  potash  or  soda  added  to  the 
solution  throws  down  a  white  precipitate  of  the  hydrated  oxide,  soluble 
in  a  moderate  excess  of  the  re- agent,  but  re-precipitated  on  the  addition 
of  a  larger  quantity.  The  precipitate  thus  formed  disappears  on  the 
addition  of  water;  according  to  Weber,  it  contains,  when  dried  at  100^, 
K0,Sn"0**  +  3II0. — Ammonia  gives  a  white  precipitate  insoluble  in 
exce-rs;  the  addition  of  tartaric  acid  does  not  prevent  the  precipitation. 
— Carbonate  of  potash  also  gives  a  white  precipitate,  insoluble  in  excess. 
— A  solution  of  aSnO'^,  in  the  smallest  possible  quantity  of  hydrochloric 
aciil,  gives  no  precipitate  with  phosphoric  acid,  but  a  copious  white  pre- 
cipitate, in  the  course  of  12  hours,  with  arsenic  acid. — Nitrate  of  silver 
gives  a  white  precipitate,  from  which  ammonia  dissolves  out  chloride  of 
silyer  and  leaves  a  residue  of  stannic  oxide. — 'Tinoture  of  galls  gives. 
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after  a  few  honrs,  a  whitish -yellow  precipitate. — Sulphuric  acid,  added 
to  a  solution  of  aSnO'  in  hydrochloric  iici<l— even  if  the  hy<lrochloric 
acid  is  in  considerahle  excess — produces  a  copious  precipitate,  consisting 
of  stannic  oxide  and  sulphuric  acid,  the  latter  of  wliidi  may  ho  extracted 
by  water.  The  precipitate,  if  heated  with  hydrochlorate  or  nitric  acid, 
dissolves  on  the  addition  of  water.  The  solution,  when  left  to  itself  for 
a  while,  deposits  a  copious  precipitate.  IT 

/9.  Ordinary  Stannic  Salts,  These  salts  are  obtained  :  1.  By  exposing 
stannous  salts  to  the  air,  or  treating  them  with  chlorine,  or  heating  them 
with  nitric  acid,  care  being  taken  not  to  use  too  much.  Since  1  atom  of 
etannons  oxide  requires  but  1  atom  of  acid  to  form  a  normal  salt, 
whereas  I  atom  of  stannic  oxide  requires  2  atoms  of  acid  (II.  6),  it  follows 
that  if  a  normal  stannous  salt  is  to  be  converted  iuto  a  normal  stannic 
salt  by  the  action  of  the  air  or  of  nitric  acid,  it  must  first  be  mixed  with 
a  quantity  of  acid  equal  to  that  which  it  already  contains;  in  default  of 
the  requisite  quantity  of  acid,  a  precipitate  is  formed  during  the  oxidation, 
consisting  either  of  hydrated  stannic  oxide  or  of  a  basic  salt. — 2.  By 
dissolving  the  ordinary  hydrate  of  stannic  oxide  in  acids. — 3.  Wheu  any 
specimen  of  stannic  oxide,  natural  or  artificial — previously  ignited  with 
potash,  and  thereby  rendered  soluble — is  treated  with  acids  [a  potash^ 
salt  is,  however,  formed  at  the  same  time]. — Stannic  salts  arc  colourless 
or  yellowish.  Those  which  are  soluble  in  water  redden  litmus  strongly, 
and  have  a  sour,  metallic,  and  styptic  taste.  Those  which  contain  a 
volatile  acid  readily  give  it  off  when  ignited.  Before  the  blowpipe  they 
1>ehave  like  stannous  salt^s.  When  boiled  with  nitric  acid,  they  deposit 
the  anomalous  hydrate  of  stannic  oxide,  or  a  salt  of  that  base.  According 
to  H.  Rose,  the  same  result  is  produced  on  boiling  a  solution  largely 
diluted  with  water. — Zinc  and  cadmium  immersed  in  solutions  of  stannic 
salts,  precipitate  the  tin  in  the  dendritic  form.  Iron  precipitates  the 
tin  only  under  the  circumstances  mentioned  under  the  head  of  stannous 
salts;  lead  ceases  to  act  as  soon  as  it  becomes  covered  with  a  coating  of 
metallic  tin.  (Fischer.) — Hydrosulphuric  acid  throws  down  from  these 
solutions,  even  when  they  contain  excess  of  acid,  a  yellow  precipitate  of 
hydrated  bisulphide  of  tin  :  the  precipitate  is  formed  immediately  on 
boiling ;  but  at  ordinary  temperatures,  and  in  dilute  solutions,  it  takes 
some  time  to  form.  The  same  precipitate  is  formed  by  hydrosulphate  of 
ammonia.  It  is  soluble  in  hydrosulphate  of  ammonia,  caustic  ammonia, 
caustic  potash,  and  carbonate  of  potash ;  the  solution  in  caustic  potash  or 
carbonate  of  potash  deposits  hydrated  stannic  oxide  after  a  while. 
(H.  Rose.) — Ammonia  throws  down  a  white  bulky  hydrate,  which  dissolves, 
with  some  turbidity,  in  a  very  large  excess  of  ammonia;  the  solution 
becomes  clear  after  standing  for  some  time,  but  subsequently  deposits  a 
copious  precipitate.  (Rose.)  The  precipitate  dissolves  readily  if  the 
solution  of  the  tin-salt  is  dilute — imperfectly,  if  it  is  concentrated.  (Gm.) 
Tartaric  acid  prevents  the  precipitation  by  ammonia.  (II.  Rose.) — Potash 
throws  down  a  white  bulky  hydrate  [containing  potash  ?],  easily  soluble 
in  a  slight  excess  of  the  alkali. — Monocarbouato  of  potash  precipitates 
the  hydrate  [stannate  of  j)otash,  according  to  FremyJ  with  some  degree 
of  efFervescence;  the  precipitate  dissolves  in  excels  of  tho  re-agent,  but 
se^iarates  again  completely  after  standing  for  a  while.  The  hydrate  pre- 
cipitated by  sesquicarbonate  of  ammonia  and  bicarbonate  of  potash  does 
not  dissolve  in  excess  of  those  re-agents.  (H.  Rose.) — Carbonate  of  baryta, 
strontia,  lime,  and  ina<mesia  precii)itate  the  salts  of  stannic  oxide,  even 
in  the  cold  (Demar^ay) ;  the  hydrate  thereby  precipitated  is  free  from 
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alkali.  (Freniy.)  Phosphato  of  soda  throws  down  white  phosphate  of 
stannic  oxide.  IT.  When  phosphoric  acid  (aPO*)  is  mixed  with  hydro- 
chlorate  of  stannic  oxide,  the  mixture  solidifies,  in  the  course  of  a  few 
days,  to  a  colourless  jelly  :  arsenious  acid  gives,  after  a  while,  a  some- 
what copious  precipitate.  IT. — Tincture  of  galls  shows  no  action  at  first, 
but  the  mixture,  after  a  while,  solidifies  in  a  gelatinous  mass.  (H.  Rose.) 
Succinate  of  ammonia  precipitates  stannic  salts  completely.  (Gahn  & 
Berzelius.) — Ferrocyanide  of  potassium  produces  a  white  turbidity  after 
some  time;  subsequently  the  mixture  solidifies  to  a  stiff  jelly,  insoluble 
in  hydrochloric  acid  :  the  greater  the  degree  of  dilution,  the  more  slowly 
does  the  solidification  take  place.  (H.  Rose.)  When  hydrochlorate  of 
stannic  oxide  is  boiled  with  acetate  of  soda  or  formiate  of  potash,  a  pre- 
cipitate is  formed,  which  re- dissolves  on  cooling,  or  when  washed  with 
cold  water.  (Liebig.) — Phosphurettcd  hydrogen  gas  gives  no  precipitate 
with  hydrochlorate  of  stannic  oxide,  but  colours  it  yellow.  (H.  Rose.) 
Iodide  of  potassium,  chloride  of  gold,  oxalic  acid,  sulphuric,  nitric,  hydro- 
chloric, and  arsenic  acid,  and  ferrocyanide  of  potassium,  give  no  preci- 
cipitate.  ^.  If  the  solution  be  very  largely  diluted  with  water,  sulphuric 
acid  produces  a  slight  precipitate,  which,  however,  is  soluble  in  hydro- 
chloric acid.  Nitrate  of  silver  in  excess  gives  a  precipitate  perfectly 
soluble  in  ammonia.  IT. — Those  stannic  salts  which  are  insoluble  in  water, 
dissolve — provided  they  have  not  been  ignited — in  hydrochloric  acid,  but 
not  in  sal-ammoniac. 

c.  With  Salifiable  Bases,  forming  salts  called  Stannates. 

a.  Anomalous  Stannaifg.  By  dissolving  the  anomalous  hydrate  in 
aqueous  alkalis.  These  salts  are  composed  of  3  At.  stannic  acid,  with 
1  At.  metallic  oxide,  =:MO,3SnO^  and  contain  water  as  an  essential  con- 
stituent, by  virtue  of  which  the  stannic  oxide  acquires  the  character  of  an 
acid ;  hence,  when  the  salts  are  heated,  the  stannic  oxide  is  separated  in 
the  anhydrous  state.  By  ignition  with  an  alkali,  the  anomalous  stannates 
arc  converted  into  ordinary  stannates.  (Fremy.)  Acids  added  to  the 
solution  of  the  hydrate  in  aqueous  caustic  alkalis,  or  alkaline  carbonates, 
precipitate  the  hydrate  in  the  anomalous  state  ;  consequently,  the  preci- 
pitate is  not  soluble  in  excess  of  the  acid.   (Berzelius.) 

/S.  Ordinary  Stannates.  1.  By  dissolving  the  ordinary  hydrate  of 
stannic  acid  in  aqueous  alkalis. — 2.  By  fusing  the  anhydrous  acid,  or 
either  of  its  hydrates,  in  a  silver  crucible,  with  caustic  potash  or  car- 
bonate of  potash.— 3.  The  stannates  of  the  earthy  alkalis,  earths  and 
heavy  metallic  oxides,  are  obtained  by  precipitating  the  soluble  salts  of 
these  bases  with  the  stannate  of  potash  obtained  by  either  of  the  preceding 
methods.  (Berzelius.)  The  ordinary  stannates  contain  at  most  1  atom  of 
base  to  1  atom  of  aci(l,=MO,SnO-.  (Moberg,  Berz,  Jahresher.  22,  142; 
also  J.  pr.  Cheni.  28,  230;  Fremy.)  The  stannates  of  the  fixed  alkalis, 
if  they  do  not  contain  excess  of  alkali,  are  resolved,  by  ignition,  into 
anhydrous  stannic  acid,  and  a  compound  of  a  small  quantity  of  stannic 
acid  with  the  whole  of  the  alkali.  Acids— even  carbonic  acid— decom- 
pose them,  throwing  down  the  ordinary  hydrate  of  stannic  acid. 
(Berzelius.) 

According  to  Kastner  {Kast,  Arch,  19, 423)  there  exists  a  Siannuretted  Hydrogen 
gat. 

Carbonic  acid  does  not  combine  with  either  of  the  oxides  of  tin.  (Bergman,  Proaat.) 
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Tin  and  Boron. 


Borate  op  Stannous  Oxide. — Borax  forms  with  hydrochlorate  of 
siaDDous  oxide^  a  white  precipitate  which  fuses  to  a  grey  slag.  (Wenzel.) 

Tin  and  Phosphorus. 

A.  Phosphide  op  Tin. — a.  Formed  hy  throwing  phosphorus  upon 
melted  tin,  or  by  fusing  together  equal  parts  of  tin  and  glacial  phosphoric 
acid,  whereby  phosphate  of  stannic  or  stannous  oxide  is  likewise  formed. 
(Pelletier,  Landgrebe,  Sdiw,  55,  106.)  The  compound  may  also  be  formed 
by  heating  in  a  blast-furnace  for  an  hour  :  6  parts  of  tin-filings  or  8  of 
stannic  oxide  with  1  charcoal,  10  bone-asb,  5  pounded  quartz,  and  5 
boracic  acid.  (Berthier,  A7in.  Chim,  Phys,  33,  180.)  Silver-white  (lead- 
coloured  :  Berthiet'),  May  be  cut  with  the  knife ;  extends  under  the 
hammer,  but  at  the  same  time  splits  into  lamina?.  Contains  from  13  to 
14  percent,  of  phosphorus,  which  bums  away  on  the  application  of  heat. 
(Pelletier.)  b.  When  the  compound  of  bichloride  of  tin  with  phosphu- 
retted  hydrogen  is  decomposed  by  water,  the  phosphurotted  hydrogen,  as 
it  escapes,  reduces  the  bichloride  of  tin  to  the  state  of  protochloride, 
and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of  a  yellow 
powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxi- 
dizes readily  in  the  air.  When  washed  and  dried  out  of  contact  of  air, 
it  exhibits  the  phosphorus  flame  before  the  blowpipe.  When  ignited  in 
hydrogen  gas,  it  gives  up  its  phosphorus,  amounting  to  55*43 — 56*88 
per  cent,  and  is  converted  into  metallic  tin.  (H.  Rose,  jPoyy.  24,  326.) 

B.  Phosphite  op  Stannous  Oxide,  or  Stannous  Phosphite. — Hy- 
drochlorate of  stannous  oxide  is  precipitated  by  phosphite  of  ammonia,  and 
the  white  precipitate  washed  till  the  wash-water,  after  boiling  with 
nitric  acid,  no  longer  gives  a  turbidity  with  solution  of  silver.  The  salt, 
when  heated  in  a  retort,  blackens  without  tumefaction,  fuses  without 
glowing,  gives  off  hydrogen  rich  in  phosphorus,  and  yields  a  sublimate  of 
phosphorus.  It  is  readily  oxidized,  with  formation  of  a  jelly,  by  warm 
nitric  acid,  and,  on  subsequent  evaporation  and  ignition,  yields  109*54 
per  cent,  of  stannic  phosphate,  containing  74*16  stannic  oxido  and  35*38 
phosphoric  acid.  Its  solution  in  hydrochloric  acid  exerts  a  powerful 
reducing  action  on  several  metals.  (H.  Rose,  Pogg,  9,  45.) 


H.  Rose. 

28nO 

1340 

•  ••  • 

67*54 

66*24 

P0» 

55*4 

•  ••• 

27*92 

27*44 

HO 

90 

•  ••• 

4*54 

6-32 

28nO,PO»  +  Aq 1984       ....     100*00         100*00 

In  consequence  of  the  difficulty  of  drying  the  salt,  the  analysis  gave  too 
much  water.  (H.  Rose.) 

C.  Phosphite  of  Stannic  Oxide,  or  Stannic  Phosphite. — The 
aqueous  solution  of  bichloride  of  tin  gives,  with  phosphite  of  ammonia,  a 
white  precipitate  whith  dries  up  to  a  glassy,  brittle  mass.  This,  when 
heated,  gives  off  merely  water,  without  any  gas,  because  the  binoxide  of 
tin  is  converted  into  protoxide:  hence  the  residue  is  soluble  in  hydrochloric 
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and  3  sal-ammoniac; — ^.  2  parts  stannous  oxide  and  1  sulphur  (Proust) 
[yields  2-4  mosaic  roW]; — A-  8  parts  stannic  oxide,  7  sulphur,  and  4  sal- 
ammoniac  (Woulfe); — L  10  jmrts  protosnlphide  of  tin,  5  sulphur,  and 
4  sal-ammoniac  (Woulfe); — X:.  5  parts  protosnlphide  of  tin,  1  proto- 
chloride,  and  2  sulphur  (Woulfe); — I.  5  parts  protosnlphide  of  tin  and 
8  corrosive  sublimate  ^Woulfe)  [gives  a  very  beautiful  preparation]; — m.  Hy- 
drated  bisulphide  of  tm  [obtained  by  deflagrating  tin  with  nitre,  dissolving  the 
stannic  oxide  in  hydrochloric  acid,  and  precipitating  with  solution  of  liver  of  sulphur] 
(Van  Mons). 

Either  of  these  mixtures  or  compounds  is  heated  in  a  retort  or  a 
loosely-closed  flask  placed  in  the  sand-bath,  or  in  an  inverted  Passaa 
crucible,  having  its  mouth  closed  with  a  tile  and  its  upturned  base 
perforated  with  an  aperture,  which  is  covered  with  aludels.  (Woulfe.) 
A  gentle  heat  is  first  applied  for  some  hours ;  afterwards  the  heat  is 
raised,  but  not  quite  to  redness. — The  greater  part  of  the  mosaic  gold  ia 
found  at  the  bottom  of  the  vessel — the  smaller,  but  purer  and  finer 
portion,  sublimes. 

Properties. — Gold-coloured,  translucent,  delicate  scales  or  six-sided 
laminsB,  unctuous  to  the  touch.  Specific  gravity  4*425  (P.  Boullay); 
4,600  (Karsten). 

J.  Davy.  Benelius. 

Sn  59       ....       64-84         636        ....         65 

2S  32       ....       35-16         36-4         ....         35 

SnS2   91       ....     10000        IZ!       1000        Z,       100 

Decompositions,  By  ignition  it  is  resolved  into  sulphur  and  proto- 
sulphide  of  tin,  a  portion  of  the  bisulphide,  however,  subliming  at  the 
same  time  in  a  very  beautiful  form.  If  the  action  of  the  heat  has  not 
been  long  continueci,  protosnlphide  of  tin  is  found  at  the  bottom,  above 
it  a  thin  layer  of  sesquisulphide,  and  undecomposed  mosaic  gold  at  the 
top.  (Berzelius.)  The  sulphurous  acid  gas  observed  by  Proust,  and 
previously  also  by  Berzelius,  is  not  evolved  unless  air  has  access  to  the 
heated  substance.  (Gay-Lussac,  Berzelius.) — 2.  Boiling  aqua-regia  con- 
verts it  into  sulphuric  acid  and  stannic  oxide.  Hydrochloric  acid  or 
nitric  acid  alone  has  no  action  on  it. — 3.  Deliquesces  in  chlorine  gas  at 
ordinary  temperatures,  forming  a  brown  liquid,  and  afterwards  solidifies 
in  yellow  crystals  of  SnCi^,2SCP.  (H.  Rose.) — Mosaic  gold  dissolves  in  a 
heated  solution  of  potash  [also  in  carbonate  of  potash,  with  evolution  of 
carbonic  acid],  forming  stannate  of  potash  and  sulphostannate  of  potas- 
sium: 

3SnS2  +  3KO  =  KO,Sn02  +  2(KS,SnS2). 

(For  the  decomposition  by  litharge,  vid.  Lead-oxide,) 

Ilydrated  Bisulphide  of  Tin,  or  Bi-hydrosulphate  of  Stannic  Oxide,"^ 
1.  By  precipitating  hydrochlorate  of  stannic  oxide  with  sulphuretted 
hydrogen  or  an  ulkalme  hydrosulphate. — 2.  By  precipitating  aqueous 
sulphostannate  of  potassium  with  hydrochloric  acid. — Light  yellow, 
loosely-coherent  flakes,  which  dry  up  to  dark  yellow,  hard  lumps,  having 
a  couchoidal  fracture.  When  gently  heated,  it  gives  off"  water,  sulphur, 
and  sulphurous  acid  (1),  and  is  reduced  to  mosaic  gold.  (Proust.)  At  a 
higher  temperature,  it  gives  off"  the  rest  of  its  water  with  violent  decrepi- 
tation, and  is  at  the  same  time  reduced  to  sesquisulphide  by  the  loss  of 
i  At.  sulphur;  or  at  a  still  higher  temperature^  to  protosnlphide.  (Bcr- 
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idiiis.)  Dissolves  in  boiling  liydrocbloric  acid  with  cvolation  of  sul- 
phuretted hydrogen,  and  is  thereby  converted  into  bydrocblorato  of 
stannio- oxide.  (Proust.) 

Bisulphide  of  tin  unites  with  the  more  basic  metallic  sulphides,  forming 
salts  called  Sulphostunnutes,  These  compounds  are  obtained:  1.  By 
diBSolying  either  the  anhydrous  or  the  hydrated  bisulphide  of  tin  in 
aqneoos  alkaline  hydrosulphates  or  caustic  alkalis.  The  hydrated 
sulphide  dissolves  more  readily  than  the  anhydrous;  with  the  latter,  a 
boiling  heat  is  required,  to  insure  complete  saturation.  If  the  alkaline 
hydrosulphates  contain  2  atoms  of  hydrosulphuric  acid,  1  atom  of  the 
latter  is  expelled  with  efTeri'escence.  When  caustic  alkalis  are  used,  the 
resulting  solution  likewise  contains  stannate  of  potash,  (vid,  sup,)— ^2,  By 
precipitating  a  heavy  metallic   salt   with   aqueous   sulphostannate   of 

Sotassium.     Those  sulphostannates  which  contain  an  alkali-metal  are  not 
ccomposed  by  ignition  in  close  vessels. 

J).  Tetrathionate  op  Stannous  Oxide. — Tetrathionic  acid  gives  a 
white  precipitate  with  hydrochlorate  of  stannous  oxide.  (Fordos  and 
Gelis.) 

E.  ITpposuIphite  of  Stannous  oxide  ? — Aqueous  sulphurous  acid  and 
metallic  tin  produce  protosulphide  of  tin  in  tlio  form  of  a  black  powder, 
and  a  solution  of  stannous  hyposulphite,  from  which  acids  evolve  sul- 
phurous acid  and  precipitate  sulphur.  (Fourcroy  &  Vauquelin.)  Ac- 
cording to  Berzelius,  and  likewise  according  to  Fordos  &  Gelis,  this 
process  yields  but  very  little  hyposulphite  of  staunous-oxide,  together 
with  the  sulphide,  but  on  the  other  hand,  a  large  quantity  of  sulphite, — 
the  tin,  in  fact,  behaving  exactly  like  cadmium  under  similar  circum- 
stances (p.  57). 

F.  Sulphite  op  Stannous  Oxide,  or  Stannous  Sulphite. — Sulphite 
of  ammonia  added  to  hydrochlorate  of  stannous  oxide  throws  down,  at 
ordinary  temperatures,  the  greater  part,  and  at  a  boiling  heat,  the  whole 
of  the  stannous  oxide,  in  the  form  of  a  white  basic  salt.  This  salt 
gradually  gives  up  all  its  acid  to  boiling  water,  and  is  converted  into  pale 
yellow,  anhydrous  protoxide  of  tin.  (Berthier,  N,  Ann,  Chim,  Phys,  7, 
81;  Camp.  Bottinger,  Ann,  PJiarm,  51,  408.) 

IT  G.  Stannous  Hyposulphate. — Known  only  in  solution.  When 
concentrated  in  vacuo,  it  deposits  protosulphido  of  tin.  (Bouquet.)  IT 

H.  Sulphate  op  Stannous  Oxide,  or  Stannous  Sulphate.— 
a.  Ba^ic, — Precipitated  on  mixing  h  with  an  alkali.  (A.  Berthollet.) 

h,  Monoaulphate.  — 1 .  Protosulphide  of  tin  heated  with  red  oxide  of 
mercury  yields  the  anhydrous  salt,  which  bears  a  dull  red  heat  without 
decomposition. — 2.  By  heating  tin  in  oil  of  vitriol  slightly  diluted. — 3.  By 
dissolving  hydrated  stannous  oxide  in  sulphuric  acid. — 4.  Sulphuric  acid 
added  to  solution  of  hydrochlorate  of  stannous  oxide  throws  down  a  white 
powder.  The  liquid  obtained  by  (3),  and  the  solution  of  the  saline 
mass  (1),  (2),  or  of  the  white  powder  (4),  all  yield  needles  on  cooling. 
(A.  Berthollet.)  At  a  red  heat  the  salt  is  resolved  into  sulphurous  acid, 
oxygen  gas,  and  stannic  oxide.  (Gay-Lussac.)  When  ignited  in  hydrogen 
gM,  it  leaves  metallic  tin  with  a  small  quantity  of  sulphide.  (Arfvcdson, 
Fogg.  1,  74.)  IT  According  to  Bouquet  {N.  /.  Pharm.  1 1,  459),  tho  salt 
TOL.  v.  o 
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SnO,  SO'  crystallizes  in  laminic  from  a  hot  satarated  solution  of  recently 
precipitated  stannous  oxide  in  dilute  sulphuric  acid.  It  is  very  soluhle 
in  Avnter;  the  solution  soon  hcconies  turhid  from  deposition  oi  a  basic 
suit,  but  its  transparency  is  restored  by  adding  a  few  drops  of  sulphuric 
acid.  When  ignited  it  leaves  stannic  oxide.  Combines  with  the 
sulphates  of  potash  and  ammonia^  forming  crystallizable  compounds.  IT 

I.  Sulphate  op  Staj^nic  Oxidb,  or  Stannic  Sulphate. — a.  Ordi- 
nary,  1.  By  dijssolving  ordinary  hydrate  of  stannic  oxide  in  aqueous 
Bulpliuric  acid. — 2.  By  heating  tin  with  excess  of  oil  of  vitriol,  where- 
upon sulphurous  ncid  and  sulphur  arc  given  off,  and  stannic  sulphate 
reniaiuri  behind.  Kniskowitz  (Poftg,  35,  j18)  heats  1  part  of  granulated 
tin  with  3  parts  of  oil  of  vitriol  in  a  capacious  iron  vessel;  whereupon 
slight  eflervescence  is  at  first  i)roduced,  with  formation  of  a  white  scum; 
then  suddenly  great  beat  is  developed,  and  sulphurous  acid  mixed  with 
sulphur  vapour  is  given  off;  the  vessel  should  therefore  be  cooled  to 
prevent  frothing  over.  After  the  frothing  has  ceased,  the  excess  of  oil  of 
vitriol  iH  driven  ofl'  by  the  application  of  a  stronger  heat,  which  is  con- 
tinued till  the  residue  becomes  friable,  and  thereby  separable  from  the 
metallic  tin  mixe<l  with  it.  The  aqueous  scdutiou  (1)  yields  no  precipi- 
tate on  boiling.  (Borzolius.) 

h,  Anomaloua,  The  oxido  of  tin  produced  by  the  action  of  nitrio 
acid  does  not  dissolve  in  sul|>hurio  acid  either  concentrated  or  dilute;  a 
portion  of  tlie  acid  is,  however,  absorbed  by  it,  with  tumefaction,  and  may 
be  extracted  by  water.  (Borzolius.) 

K.  SuLPiiocARnoNATE  OP  STANNOUS  SuLPiiiDE,  and  SuLPnocAR- 
fiONATE  OP  Stannic  Sulphide. — Aqueous  sulphocarbonato  of  calcium 
gives  a  dark  brown  precipitate  w^ith  stannous  salts  and  brownish-yollow 
with  stannic  salts.  (Berzelius.) 

Tin  and  Selenium. 

A.  Selenide  op  Tin. — a.  Tin  combines  with  selenium,  on  the  appli- 
cation of  heat,  forming  a  grey,  metallic,  shining  substance,  which,  when 
heated  in  the  air,  is  readily  decomposed  without  fusion,  yielding  selenium 
which  volatilizes,  and  stannic  oxide  which  remains  behind. — h.  Biselenide 
of  Tin  may  l)o  obtained  by  precipitating  hydrochlorate  of  stannic  oxide 
with  hydroselonic  acid. 

B.  Selenite  op  Stannic  Oxide.-^ White  powder,  insoluble  in  water, 
but  fcolublo  in  liy<lrochloric  acid,  and  precipitated  from  the  solution  on 
the  addition  of  water.  When  heatotl,  it  first  gives  off  water,  and  then 
the  whole  of  its  acid.  (Berzelius.)  Formula  of  the  dry  salt,  SnO',  2SeO*. 
(Muspratt.) 

Tin  and  Iodine. 

A.  PnoTioDiDE  OP  Tin,  or  Stannous  \omn^,'^Iodoitannou4  Acid. 
1.  When  tin-filings  are  heated  with  a  twofold  quantity  of  iodine,  a 
brown-red,  translucent  compound  is  formed,  which  yields  a  dingy  orange- 
yellow  powder,  and  fuses  very  easily  (according  to  Sir  II.  Davy,  it 
volatilizes  when  heated  more  strongly);  the  combination  is  attended  with 


TIN  AND  IODINE.  83 

Boiie  and  i^ition.  (Onj-Lnasfi/c,  Raiumelsber^,  Po^t;,  iS,  16.9.)  ?  Ac- 
cording to  HeDry  (Phil,  Trans.  1845,  363),  tin  heated  with  twice  its 
weight  of  iodine,  yields  two  compounds,  the  prot iodide  SnI,  and  the 
biniodide  Snl'^  which  may  be  separated  by  sublimation,  tho  latter 
volatilizing  at  1 80^  C.  while  the  former  remains  fixed  at  a  red  heat.  IT 
2.  A  dilute  solution  of  protochloride  of  tin  mixed  with  a  rery  slight 
exee«8  of  iodide  of  potassium  soon  de|>osits  a  largo  quantity  of  yellowish- 
red  crystalline  tufts.  If  the  mixture  was  warm,  the  iodide  of  tin  is 
deposited,  on  cooling,  in  fine  yellowi&h-rcd  needles.  (Boullay,  Ann.  Chim, 
Phy9,  34,  372.)  Gay-Lussac  likewise  obtained  orange-yellow  silky 
crystals,  by  treating  tho  iodide  of  tin  (1)  with  a  small  quantity  of  water^ 
and  pouring  off  the  liquid  from  the  separated  hydrate  of  stannous  oxide-^ 
that  liquid  containing  stannous  oxide  with  excess  of  hydriodic  acid. 
According  to  Gay-Lussac,  these  crystals  consist  of  acid  hydriodate  of 
atannous  oxide,  but,  according  to  fioullay's  analy^jis,  they  are  formed  of 
protiodide  of  tin. 

Protiodide  of  tin,  when  heated  in  the  air  in  contact  with  stannic 
oxide,  leaves  a  substance,  which,  when  treated  with  water,  is  resolved 
into  stannic  oxide  and  hydriodic  acid  which  dissolves.  (Boullay.)  Tho 
iodide  prepared  by  (1)  is  easily  decomposed  by  water— especially  with  tho 
ud  of  heat,  and  the  more  completely  in  proportion  as  the  quantity  of 
water  is  greater — ^yielding  hydratcd  stannous  oxide  which  is  precipitated, 
and  aqueous  hydriodic  acid  containing  a  trace  of  tin.  (Gay-Lussac, 
Rammclsberg.)  IT  Dissolves  in  water  sparingly,  but  without  decompo- 
sition; fuses  readily  and  fonns  a  dark-red  mass,  having  a  crystalline 
texture;  yields  a  powder  of  a  red  colour  and  considerable  lustre,  like  red 
lead.  (Henry.)  IT  The  iodide  (2)  dissolves  in  water  without  decomposi- 
tion, and  more  abundantly  in  warm  than  in  cold  water;  it  is  like- 
wise soluble  in  hydrochlorate  of  stannous  oxide.  Hence  it  is  not  preci- 
pitated from  a  solution  of  that  compound  by  small  quantities  of  iodide  of 
potassium.  (Boullay.)  Iodide  of  tin  combines  with  tho  more  basic 
metallic  iodides.  (Boullay.) 

Boullay  (2.) 

Sn  59        ....        31-80        3201 

1 126        ....         68-11         67-99 

SnI     185        Z       100^00        IZ!       100^ 

When  tin  is  heated  in  excess  with  iodine  and  a  largo  quantity  of 
water,  violent  action  ensues,  tho  tin  is  rapidly  oxidated,  and  a  solution  of 
hydriodic  acid  is  formed,  containing  but  a  trace  of  tin.  (Gay-Lussac.) 

On  dissolving  in  aqueous  iodide  of  potassium  half  as  much  iodine  as 
it  already  contains,  and  adding  protochloride  of  tin  to  the  solution,  tho 
colourless  mixture  yields  no  precipitate,  but  on  evaporation  deposits  a 
yellow  powder,  slightly  soluble  in  water,  probably  Su-P.  (Boullay.) 

5  B.  Biniodide  op  Tin. — SnP. — 1.  Separated  by  sublimation  from 
the  mixture  of  ])rotiodide  and  biniodide  obtained  by  heating  tin  with 
twi(»c  its  weight  of  iodine  {nt/pra). — 2.  By  boiling  equal  parts  of  proto- 
chloride of  tin  and  iodine  with  a  small  quantity  of  water.  By  (1): 
orange-yellow,  shining  crystals;  by  (2^:  red  crystals.  Sublimes  at  180^ 
Easily  ilccomposed  by  water.  (Henry.)  IF 

C  and  D.  Stannous  and  Stannic  Iodatfjs. — Iodic  acid  and  iodate  of 
pota&h  giy«  white  procipitates  both  with  hydrochlorate  of  stannous  oxide 

o2 
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and  with  liydroclilorato  of  stannic  oxldo.  (Pleisclil.)  When  hydrochlorato 
of  stannous  oxide  is  dropped  into  iodato  of  soda,  iodato  of  stannous  oxide 
is  precipitated,  white  at  first,  but  turning  brown  in  a  few  minutes,  and 
then  grey,  from  liberation  of  iodine  and  formation  of  stannic  hydro- 
chlorate.  If,  on  the  contrary,  the  iodate  of  soda  bo  added  to  the  stannous 
hydrochlorato,  the  white  precipitate  which  forms  at  first  is  quickly 
re-dissolved,  and  the  solution  acquires  a  yellow  colour;  with  a  larger 
quantity  of  iodate  of  soda,  a  separation  of  iodine  takes  place.  (Ranimels- 
berg,  Fogg,  44,  567.) 

Tin  and  Bromine. 

A.  Protodromide  op  Tin,  or  Stannous  Bromide. — Bromostannoui 
Acid. — Formed  by  heating  tin  in  hydrobromic  acid  gas  (Balard),  or  with 
protobromide  of  mercury  (Lowig). — Greyish- white,  with  considerable 
lustre;  when  heated,  it  fuses  to  a  yellowish  oil. — When  heated  in  the  air 
or  in  contact  with  nitre,  it  gives  off  bibromide  of  tin  and  leaves  the 
binoxide. 

Aqueous  Protobromide  of  Tin,  or  Hydrohrornate  of  Stannous  Oxide,^^ 
1.  By  dissolving  stannous  bromide  in  water. — 2.  Tin  dissolves  in  aqueous 
hydrobromic  acid  with  evolution  of  hydrogen,  very  slowly  w^hen  the 
liquid  is  cold,  more  quickly  when  it  is  raised  to  the  boiling  point. — The 
colourless  solution,  which  reddens  litmus,  becomes  gelatinous  when 
evaporated,  but  docs  not  crystallize;  when  more  strongly  heated,  it 
gives  off  hydrobromic  acid.  (Lbwig.) 

B.  Bibromide  op  Tin,  or  Stannic  Bromide. — Bromostannic  Acid,^-^ 
Tin  takes  fire  in  contact  with  bromine  and  is  converted  into  stannic 
bromide.  (Balard.^ — 2.  Protobromide  of  tin  witli  bromine  yields  the  same 
compound.  (T-iowig.) — Wbite,  crystalline,  easily  fusible  and  volatile; 
gives  off  a  faint  white  cloud  when  exposed  to  the  air.  In  heated  oil  of 
vitriol,  it  fuses,  without  visible  decomposition,  into  oily  drops.  With 
nitric  acid,  after  a  few  seconds,  it  gives  off  bright-coloured  vapours  of 
bromine.     Dissolves  in  water  without  apparent  decomposition.  (Balard.) 

Bromine- water  converts  stannous  oxide,  with  evolution  of  heat,  into 
mono-hydrobromate  of  stannic  oxide;  on  stannic  oxide,  bromine  exerts  no 
action.  (Balard.) 

C.  Bromate  op  Stannous  Oxide,  or  Stannous  Bromate. — Bromate 
of  potash  gives  a  yellowish- white  precipitate  with  hydrochlorate  of  stan- 
nous oxide.  (Simon,  Bepert,  (i5,  207.) 

D.  Bromate  op  Stannic  Oxide,  or  Stannic  Bromate. — ^Aqueous 
oromic  acid  dissolved  but  a  small  quantity  of  the  ordinary  hydrate  of 
stannic  acid,  even  after  digestion  for  weeks.  The  hydrate  separated  from 
the  liquid  becomes  translucent  and  glassy  when  dried  over  ou  and  vitriol, 
and  loses  18  per  cent,  when  heated  to  180\  (Rammelsberg,  Fogg* 
55,  87.) 

Tin  and  Chlorine. 

Protochloride  op  Tin,  or  Stannous  Chloride. — CIdoroslannous 
Acid. — Butltr  of  Tin. — 1 .  By  gradually  hcatinir  tin  or  amalgam  of  tin  with 
calomel,  or  with  at  most  two  parts  of  corrosive  sublimate^  the  meicniy 
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volatilizing.— -2.  By  heating  tin  in  hydrochloric  acid  gas,  hydrogen  being 
8Ct  free. — 3.  By  heating  hydrochlorate  of  stannous  oxide  in  close  vessels 
— vherenpon^  when  the  heat  is  gradually  raised  to  redness  and  the 
receiver  changed,  the  chloride  of  tin  passes  over  after  the  wat^r.  Capi- 
taino  {J,  Pharm,  25,  552)  gently  heats  commercial  thi-saU  in  a  capacious 
cracible  (to  prevent  frothing  over)  as  long  as  it  froths  up  and  gives  off 
water  and  sulphuric  acid — pours  the  mass,  as  soon  as  it  is  brought  to  a 
state  of  tranquil  fusion,  into  a  small  crucible — tben  pounds  it  up  coarsely, 
and  distils  it  from  a  coated  glass  retort.  The  first  portions  of  stannous 
chloride  which  pass  over  are  perfectly  pure;  the  last  portions  contain 
a  small  quantity  of  iron,  from  which  they  may  be  freed  by  a  second 
distillation. 

Translucent,  almost  pure  white  (frequently  grey),  with  a  fatty  lustre 
and  conchoidal  fracture.  Fuses  at  250^  to  an  oily  liquid  which  pene- 
trates the  crucibles  and  makes  them  crack;  boils  at  a  heat  near  redness, 
but  always  with  some  degree  of  decomposition.  (J.  Davy,  Schw.  10,  321; 
Capitaine.)  When  cooled  after  fusion,  it  remains  liquid  for  a  long  timo> 
bot  afterwards  becomes  syrupy  and  solidifies.  (Marx.) 
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When  heated  to  bright  redness,  it  gives  off  bichloride  of  tin  and 
afterwards  unaltered  protochloride,  leaving  a  black  shining  mass  which 
dissolves  in  aqueous  hydrochloric  acid  with  evolution  of  hydrogen  gas, 
and  forms  a  solution  of  stannous  hydrochlorate.  (A.  Vogcl,  JSckw.  21,  G6,) 
When  heated  to  the  boiling  point,  it  passes  over  in  company  with  bichlo- 
ride of  tin,  and  leaves  yellow,  earthy  stannous  oxychloride,  SnCl, 
SnO.  (Capitaine.) — When  heated  with  sulphur,  it  yields  bichloride  and 
bisulphide  of  tin.  (Proust.) 

2SnCl  +  2S=  SnC12  +  SnS*. 

When  heated  in  the  air,  or  with  nitre,  chlorate  of  potash,  or  mercuric 
oxide,  it  gives  off  bichloride  of  tin  and  leaves  binoxide. — At  ordinary 
temperatures,  it  does  not  suffer  much  alteration  by  exposure  to  the  air; 
in  tne  course  of  three  weeks,  however,  it  becomes  somewhat  disintegrated, 
but  still  dissolves  completely  in  water. 

Uydrated  and  Aqueous  Protochloride  of  Tin,  or  Crystallized  and 
Aqueous  Mono-hydrochlorate  of  Stannov^  Oxide, — Tin-salt — 1.  Proto- 
chloride of  tin  dissolves  without  turbidity  in  water  [freed  from  air?]. 
(Capitaine.)  The  solution  is  commonly  turbid,  partly  perhaps  from  the 
presence  of  air  in  the  water,  partly  because  the  chloride  of  tin  may  have 
been  mixed  with  oxychloride. — 2.  Tin  dissolves  very  slowly  in  cold, 
more  quickly  in  warm  hydrochloric  acid,  and  with  evolution  of  hydrogen 
gas.  The  preparation  on  the  largo  scale  is  performed  in  copper  vessels, 
which,  so  long  as  any  portion  of  tin  remains  undissolved,  are  not  attacked 
by  the  acid.— 3.  If  granulated  tin  be  covered  with  hydrochloric  acid, 
tnen  the  acid  poured  off,  and  the  tin  exposed  to  the  air — afterwards  the 
acid  poured  on  again,  and  so  on  alternately — the  tin  takes  up  oxygen 
from  the  air,  whereby  it  becomes  heated,  and  dissolves  much  more 
quickly  than  by  the  simple  action  of  the  acid.  (Bcrard.) — IT  4.  In  the 

E reparation  of  Tin-salt  on  the  large  scale,  Nollner  recommends  that  the 
jorochloric  acid,  as  it  is  evolved  from  the  retorts^  bo  made  to  act 
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directly  upon  granulated  tin  contained  in  stone- ware  receivers  adapted  to 
tbe  retorts,  and  that  tlio  concentrated  eoliition  of  tin-salt  thus  formed  be 
afterwards  evaporated  in  tinned  pans  with  the  addition  of  granulated 
tin.  {Arch,  PhaiTn.  63, 120.) — IT  The  solution,  when  evaporated  and  cooled, 
yields  large,  transparent,  and  colourless  prisms  (and  octohodrons:  Dumas), 
having  a  disagreeable  metallic  taste.  According  to  Berzclius,  their  com- 
position is  SnCl,HO;  according  to  Henry,  they  contain  2  atoms  of  water, 
SnCl,2H0.  The  crystals  when  heated  evolve  water  and  hydrochloric 
acid  containing  a  small  quantity  of  tin,  and  leave  protochloride  and  prot- 
oxide of  tin.  Cold  oil  of  vitriol  separates  from  them  but  a  small  quan- 
tity of  hydrochloric  acid;  heated  oil  of  vitriol  separates  hydrochloric 
acid — togetlier  with  small  quantities  of  stannous  chloride,  sulphurous 
acid,  and  sulphuretted  hydrogen  [the  two  latter  substances  partly  decom- 
posing each  other  and  yielding  a  precipitate  of  sulphur] — and  forms 
stannic  sulphate.  (A.  Vogel.) 

The  crystals  generally  give  a  turbid  solution  with  water,  which, 
bowever,  may  bo  reudcre^I  transparent  by  the  addition  of  hydrochloric 
acid  [partly,  perhaps,  because  the  crystals  have  become  oxidated  by 
exposure  to  the  air,  partly  because  the  air  contains  water].  The  turbidity 
of  the  solution  increases  with  excess  of  water,  and  diminishes  with 
excess  of  the  tin-salt.  (Fischer.) — The  solution  absorbs  oxygen  from 
the  air,  and  if  it  does  not  contAin  an  excess  of  hydrochloric  acid,  becomes 
turbid,  from  formation  of  bi-hydrochlorate  of  stannic  oxide  and  precipita- 
tion of  stannous  oxychloride.     Probably  in  tliis  manner : 

3(SnO,HCl)  +  0  =  SQ02,2HCl  +  SnCl,SnO  +  HO. 

By  longer  exposure  to  the  air,  the  solution  recovers  it^  transparency  and 
acquires  a  yellow  colour — the  change  being  slower  as  the  solution  is  moro 
concentrated.  (Fischer,  Kastn.  Arch,  13,  225;  Capitaine.)  [Does  there 
exist  a  mono-hydrochlorate  of  stannic  oxide,  which  forms  a  yellow  solution 
in  wiitcrl] — The  solution  of  stannous  hydrochlorate  mixed  with  sulphurous 
acid,  becomes  yellow  and  turbid,  especially  when  warmed,  and  yields  a 
deei>-yelIow  precipitate  of  hydrated  bisulphide  of  tin,  the  odour  of  sul- 
phurous acid  being  at  the  same  time  destroyed,  and  hydrochlorate  of 
stannic  oxide  formed.  (Ilering,  Amu  Fharm,  29,  00.)     Probably  thus: 

6SnO  +  2S0=  =  5SnO=  +  SnS-. 

The  stannic  oxide  formed  remains  dissolved  in  the  excess  of  hydrochlorio 
acid. — According  to  Girardin  {Aiin.  Chim,  Phys.  Gl,  286),  if  the  hydro- 
chloric acid  contains  even  a  small  quantity  of  sulphurous  acid,  the  solution 
of  the  tin-salt  in  it  in  attended  with  the  formation  of  a  yellow  cloudiness; 
and  if  water  be  afterwards  added,  a  faint  smell  of  sulphuretted  hydrogen 
is  evolved  and  a  ycllowisli-brown  precipitute  fonned,  which  is  a  mixture 
of  stannic  sulphide  and  stannic  oxide. — Trithionic  acid  added  to  the  heated 
tin-solution  throws  down  sulphide  of  tin.  (Persoz.) — The  solution  reduces 
hypochlorous  acid,  evolving  chlorine  and  being  itself  converted  into  a 
stannic  salt.  (Balard.)  It  likewise  reduces  nitric  acid  to  nitric  oxide, 
and  this  again,  by  longer  ccmtact,  to  nitrous  oxide; — tungstio  acid,  even 
when  united  with  an  alkali,  to  blue  oxide  of  tungsten; — ^molybdio  acid 
to  blue  oxide  of  molybdenum; — chromic  acid  to  cliromic  oxide; — man- 
ganic acid  to  mangjinous  oxide; — hydrated  peroxide  of  manganese,  on 
boiling,  to  manganous  oxide,  with  preci])itation  of  sesquioxide  of  tin 
(Fuchs); — arsenic  acid  to  arsenious  acid,  and  this,  by  longer  digestion,  to 
metallic  arsenic  (Woulfe,  GrM.  Ghcm,  J.  \,  1£^5); — ontimonioos  aoid  to 
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antimony  (Woulfe)j-'-niononitrate  of  bismuth-ozido  to  black  suboxide 
(A.  Vogel) ;— tho  red  and  brown  peroxides  of  lead  to  chlorido  of  lead 
(A.  Vogel); — ^ferric  salts  to  ferrous  salts  (with  formation  of  Lydroclilorate 
of  sesquioxido-of-tin,  (Fuchs,  comp.  p.  80); — cupric  oxide  and  its  salts  to 
dichloride  of  copper; — the  protoxide,  dichloridc,  protochloride,  aud 
oysnide  of  mercury  to  motallio  mercury  (A.  Vogel,  Kastn.  Arch.  23,  78); 
-^•ilrer-ialts  to  metallic  silver; — with  gold-salts,  tho  stannous  solution 
fonna  b  precipitate  which  is  brown  or  purple  according  to  circumstances. 
--Copper  immersed  in  the  stannous  solution  mixed  with  a  largo  quantity 
of  hydroehloric  acid,  throws  down  metallic  tin  in  the  form  of  a  greyish- 
black  powder,  only  howeyer  wJicn  the  solution  is  exposed  to  the  air  and 
boiled.  (Reinsch,  J.  pr,  Ch^m,  24,  248.) 

Protochloride  of  tin  unites  with  the  chlorides  of  the  alkali-metals, 
forming  salts  which  may  bo  called  Chlorostannites, — According  to  Kuhl- 
manoy  it  forms  definite  compounds  with  nitrous,  hyponitric,  and  nitric 
acid.     It  is  easily  soluble  in  absolute  alcohul.  (Capitaine.) 

B.  H\i>RATED  Stannous  Oxyciiloride,  or  Di-hydrochloratb  op 
Stannous  Oxide, — By  precipitating  hydrochlorato  of  stannous  oxide 
with  an  insufficient  quantity  of  potash. — White  powder.  (Proust.) — At 
a  red  heat,  it  yields  water  containing  hydrochloric  acid  and  liydrochlorate 
of  stannous  oxide,  a  sublimate  of  protoghloride  of  tin  and  a  residue  of 
stannoua  oxide. — Froths  up  violently  with  strong  nitric  acid;  gives  off 
hydrochloric  acid  gas  when  treated  with  oil  of  vitriol;  and  dissolves 
without  effervescence  in  hydrochloric  acid,  acetic  acid,  and  dilute  nitrio 
or  snlphuric  acid,  forming  stannous  salts.  (J.  Davy,  iSchw,  10,  325.) 

Or :  J.  Davy. 

SnCi  94-4     ....     60-11  2SnO     134-0    ....     71*13     ....      704 

SnO   67-0     ....    35-56  HCl....     364     ....     1932 

3HO  27-0    ....     14-33  2HO        180    ....      9*55 

SnCl,  Sab  +  3Aq.   1884     ....  10000  188-4     ....  10000 

C.  Aqueous  Sesquiciiloride  of  Tin,  or  Hydroghlorate  op 
Se8QUIOXIDE-of-tin. — Hydrated  sesquioxide  of  tin  dissolves  readily  in 
hydrochloric  acid.  (Fuchs.)  It  dissolves  with  difiiculty  in  cold  dilute 
hydrochloric  acid,  and  tho  concentrated  acid  does  not  become  saturated 
with  it  till  after  long  digestion,  which,  to  prevent  oxidation,  must  bo 
performed  in  close  vessels.  Tho  solution  has  a  purely  astringent  taste, 
yields,  with  hydrosulphuric  acid,  a  lighter  brown  precipitate  than  tho 
atannoos-salt,  and  a  remarkably  ilne  purple  with  gold-salts.  (Fuchs.) 

D.  Bichloride  op  Tin,  or  Stannic  Ciiloridk. — ChloroBtannlc  Acid. 
— Fuming  Spirit  of  Libavius,  Spiritun  fumans  Libavii, 

Formation.  1.  Tin-foil  takes  firo  after  a  while  in  chlorine  gas,  and  burns 
with  emission  of  red  sparks,  forming  bichloride  of  tin. — 2.  Protochloride 
of  tin  likewise  takes  fire  in  chlorine  gas  at  ordinary  temperatures. — 
3.  Tin  heated  with  protochloride  of  mercury  volatilizes  in  the  form  of 
bichloride.  4.  Protosulphide  of  tin  heated  with  sulphur  or  with  oxidized 
bodies  is  converted  into  bisulphide. 

Preparation.  1.  When  dry  chlorine  gas  is  slowly  passed  through 
the  retort  c/,  Ajyp,  52,  containing  tin-foil  or  melted  tin,  the  bichloride 
distils  over  into  the  receiver  ^,  which  must  bo  kept  cool. — 2.  ^y  distilling 
1  part  of  tin  with  5  parts  of  protoohlorido  of  mercury, — 3.  By  distilling 
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concontnitcd  hydrocblontc  of  stannic  oxide  with  fuming  oil  of  yitriol. 
(J.  Davy.) — I.  By  distilling  common  salt  with  stannio  sulphate : 

2NaCl-rSn02,2S03  =  2(NaO,SO^  +  SnCP. 

The  stannic  sulphate  prepared  by  method  2,  page  82,  is  pounded  in  a 
mortar  while  still  warm — then  sifted — ^intimately  mixed  with  an  equal 
weight  of  common  salt — and  heated  in  an  iron  retort  with  glass  roceiver 
(or  m  a  gla«8  retort — in  which,  however,  it  is  difficult  to  effect  complete 
dcct»mposition) — the  heat  l^oing  gradually  raised  as  long  as  anything 
ixisses  over.  The  bichloriilo  of  tin  which  distils  over — together  with 
nvdrochlorio  acid  ga^?— contains  chloride  of  iron  and  crystals  of  hydrated 
bichloride  of  tin.  To  free  it  from  iron  and  water,  it  is  rectified  in  a 
glass  retort  with  fnnu  twice  to  four  times  its  weight  of  oil  of  vitriol. 
(Von  Knijskowiti.  iW:7-  3«'*«  51 S.) 

Propniies.  Thin,  colourless  liquid,  which  does  not  freeze  at  — 29% 
Wils  at  \'20'  under  a  pressure  of  0*7(>7  met.,  and  yields  a  vapour  whose 
density  is  9'10S)7  (Dumas);  gives  off  white  fumes  m  the  air  at  ordinary 
temperatures. 

'  Berzeliiu.  J.  Dstj. 

Sn    590      ....      45-45         ....        5443        ....        42*1 

gCl  rO-8       ....       54-55        ....         45  57        ....        57'9 

"^SnCP  129-9      ....  -100-00        Z       lOOtOO        Z      100*0 

Vol.  Sp.  gr. 

Tin  Ttpour 1        4-0905 

Chlorine  CM   2         4*9086 


V«|H>ur  of  SuCl- 1         8-9991 

Dec\)m}K^\l  by  sulphuretted  hydrogen  with  the  aid  of  heat,  the 
prmlucts  Umus;  hydrochloric  acid  ^  and  bisulphide  of  tin.  (H.  Rose, 
i\y./.  24,  ;UU>.) 

SaCI=  +  JUS  =  SnS-  +  2HC1. 

AVhen  heat  oil  with  nitric  acid,  it  gives  off  chlorine  and  nitric  oxide,  and 
doiHvtit8  stannio  oxide.  (Gav-Lussac.)  To  mercury  it  slowly  gives  up 
chlorine,  ko  that  oulomol  anil  stannous  chloride  are  produced.  (Dumas.) — 
Alcohol  decomposes  it.  with  formation  of  hydrochloric  ether  and  deposi- 
tion of  stannous  oxvchloride.  With  oil  of  turpentine  it  becomes  strongly 
heated,  the  tuqHMitino  sometimes  taking  fire,  and  deposits  stannic  oxide. 
(J.  Davy.)     Not  deoomposetl  by  olofiaut  gas.  (Wohler.) 

Hyih\U^i  lUMy^rtKU  o/  Fin,  or  Ctyitailiztd  HydrochloraU  of  Stannic 
OxU^. — -2  i»arts  of  bichloride  of  tin  solidify  with  7  parts  of  water, 
forming  a  colourless  mass  of  crystals  fusible  by  heat.  (Adet.) — ?  If  this 
crystalline  mass  be  tre:it«.'d  with  an  adtiitional  quantity  of  water,  and  the 
liquid  gently  evn}H^ratetl,  doliquosi-ent  crystals  are  obtained,  which  appear 
to  contain  »'i  atoms  of  water:  SnCl-„>H'0.  When  dried  over  sulphuric 
atMd,  they  give  olF  3  At.  water,  and  are  converted  into  SnCl',2H0. 
(Lewy,  Compt.  rcmL  -J I.  ol^l>.)  ^ 

Aiiiit'otis  IWchforiJe  %]r  77«,  or  Atjufom  Iludrochhrate  of  Stannic 
Oj-iWf-.  —  <i.  Onliu a rv.  —  Colour-makers'  Competition . — 1 .  By  dissolving 
bichloride  of  tin  in  water. — 2.  l\v  saturating  an  aqueous  solution  of 
stannous  chloride  with  chlorine  gas. — 3.  By  mixing  the  same  solution 
with  a  quantity  of  hydrochloric  acid  twice  a«  great  as  that  which  it 

vly  contains,  and  exposing  it  to  the  air  for  some  time,— or  by  heating 


CHLOBOSTANNATE  OF  PHOSFHUBETTED  HYDROGEN.  89 

it  with  nitric  acid  not  in  excess. — 4.  By  dissolring  tin  in  aqua-rcgia  not 
containing  too  much  nitric  acid.  A  mixture  of  nitric  acid  with  sal- 
ammoniac  or  common  salt,  or  of  hydrochloric  acid  with  nitre  may 
likewise  be  used. — The  solution  obtained  by  tlie  agency  of  nitric  acid 
always  retains  a  portion  of  that  acid,  and  therefore  deposits  anomalous 
bydrnte  of  stannic  oxide  when  boiled  (Bolley,  Ann.  Fharm.  39,  103); 
according  to  H.  Rose,  this  effect  is  not  produced  till  the  solution  has 
attained  a  somewhat  high  degree  of  concentration. — The  compound  may 
likewise  be  obtained  by  dissolving  ordinary  hydrate  of  stannic  oxide  in 
hydrochloric  acid.  The  anomalous  hydrate  of  stannic  oxide,  when  dis- 
tilled with  hydrochloric  acid,  is  partly  converted  into  ordinary  hydro- 
chlorate  of  stannic  oxide,  which  passes  over,  while  the  rest  remains 
behind,  as  anomalous  hydrochlorate  of  stannic  oxide,  in  the  form  of  a 
yellow  mass,  which,  when  digested  in  water,  partly  dissolves  and  partly 
swells  up.  (Berzelius.) — Colourless  liquid,  not  decomposible  by  boiling; 
yields  crystals  when  evaporated  and  cooled. 

b.  A  nomalous, — The  hydrate  of  stannic  oxide  produced  by  the  action 
of  nitric  acid  does  not  dissolve  in  hydrochloric  acid  even  when  boiling 
and  concentrated,  but  takes  up  a  portion  of  that  acid  and  acquires  a 
yellowish  tint,  and  is  thereby  converted — after  the  excess  of  acid  has 
been  poured  off,  and  the  residue  dried  on  bibulous  paper — into  a  soft 
yellow  mass  perfectly  soluble  in  water.  Nevertheless,  tlie  resulting 
solution,  even  when  largely  diluted,  coagulates  at  a  boiling  heat,  and  if 
concentrated  becomes  as  thick  as  white  of  egg.  It  likewise  yields  a 
precipitate  when  mixed  with  concentrated  hydrochloric  acid, — but  the 
precipitate  dissolves  again  in  water,  after  the  acid  is  poured  off.  When 
this  compound  is  distilled,  aqueous  hydrochloric  acid  passes  over  first, 
then  hydrochloric  acid  gas,  with  a  small  quantity  of  stannic  chloride, 
while  anhydrous  stannic  oxide  is  left  behind.  (Berzelius.) — Ammonia  or 
potash  added  to  the  aqueous  solution  yields  a  white  precipitate  slightly 
soluble  in  excess  of  the  alkali.  (H.  Rose.) 

E.  and  F. — Bichloride  of  tin  dissolves  sulphur  and  phosphorus^ 
forming  oily  liquids. 

G.  CnLonosTANNATE  OP  PiiospnuiiETTED  Hydroqen. — Bichloride  of 
tin  absorbs  both  the  more  inflammable  and  the  less  inflammable  phos- 
phuretted  hydrogen  gas  without  decomposition,  thereby  acquiring  a 
yellow  colour,  and  being  subsequently  converted  into  a  yellow  solid  body 
which  fumes  in  the  air  and  absorbs  moisture  with  avidity.  When  heated 
out  of  contact  of  air,  it  gives  ofl*  hydrochloric  acid  gas  with  a  sublimate 
of  phosphorus^  and  leaves  protochloride  of  tiu: 

PH3,3SnCl2  =  3SnCl  +  3HCl  +  P. 

Ammoniacal  gas  colours  the  compound  black,  even  in  the  cold,  and 
appears  to  form  ammonio-bichloride  of  tin  together  with  several  other 
products. — Water  added  to  this  compound  gives  oflf  non-spoutaneously 
inflammable  phosphurettcd  hydrogen  gas  with  cfiervcsconcc,  and  forms 
hydrochlorate  of  stannous  and  of  stannic  oxide,  together  with  a  precipitate 
of  teq»hosphide  of  tin  (p.  88).  Aqueous  solution  of  potash,  carbonate  of 
ammonia,  or  carbonate  of  potash,  and  hydrochloric  acid  likewise  give 
rise  to  the  evolution  of  the  less  inflammable  variety  of  phosphurettcd 
hydrogen;  but  aqueous  ammonia  evolves  the  spontaneously  inflammable 
gas.  (U,  Rose,  Foffg,  24,  159.)  / 


/ 


/ 
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R.  Row. 

PH» 34*4      ....        812        8-64 

3SnCl-    389-4       ....       91-88         91*36 

PIP,3SnCl*    ....     423-8      ....     10000        ZZ       100*00 
H.— BicLloride  of  tin  may  be  mixed  with  terchloride  of  phosphorus. 

I.  CnLORoauLPniDE  op  Tin. — SnS',2SnCl*. — Sulpharcttcd  hydrogen 
18  rapidly  absorbed  by  bichloride  of  tin^  with  formation  of  hydrochlorio 
acid  gas: 

3SiiCIs  +  2HS  =  SiiS>,2SdC1*  +  2HC1. 

The  liquid  obtained  by  perfect  saturation  with  sulphuretted  hydrogen  i« 
transparent,  of  a  yellowish  or  reddish  colour,  and  heavier  than  water. 
When  heated,  it  leaves  bisulphide  of  tin,  while  the  bichloride  volatilizes. 
Water  added  to  the  liquid  dissolves  out  tho  latter  compound  and  throws 
down  25*07  per  cent,  of  bisulphide  of  tin.  (DumaSi/.  CMm.M^d.  8,  478; 
also  Sdiw.  60,  409.) 

K.  Chloride  op  Sulphur  and  Tin.— Produced  by  the  action  of 
chlorine  gas  on  bisulphide  of  tin  at  ordinary  temperatures : 

SnS^  +  6C1  =  SnCP  +  2SC12. 

A  bulb  is  blown  on  a  ^loss  tube  and  filled  with  mosaic  gold;  a  cylindrical 
enlargement  is  also  blown  on  the  tube,  the  end  drawn  out,  and  passed 
into  a  chloride  of  calcium  tube,  to  keep  out  the  moisture  of  the  air.  As 
soon  as  the  dried  chlorine  gas  passed  into  the  bulb  has  decomposed  the 
mosaic  gold,  the  bulb  is  gently  heated  till  the  compound  sublimes  into 
the  cylindrical  enlargement;  air  is  passed  over  it  to  drive  out  the  excess 
of  chlorine ;  and  tlie  cylinder  sealed  at  both  ends.  Protosiilphide  of  tin 
likewise  yields  this  compound,  mixed  however  with  free  bichloride 
(p.  78). 

Largo  yellow  crystals,  which  fuse  when  heated,  and  sublime  without 
decomposition;  they  fume  in  the  air  more  strongly  than  bichloride  of 
tin. — The  crystals  dissolve  gradually  but  completely  in  dilute  nitric  acid, 
with  evolution  of  nitrous  fumes;  the  solution  contains  stannic  oxide, 
together  with  the  whole  of  the  sulphur  in  the  form  of  sulphuric  acid. 
With  fuming  nitric  acid  they  form  a  thick  white  mass,  perfectly  soluble 
in  water. — With  water  they  form  a  solution  which  is  milky  from  sepa- 
rated sulphur,  but  does  not  smell  of  sulphurous  acid.  The  solution  when 
boiled  yields  a  deposit  of  stannic  oxide  soluble  in  hydrochloric  acid;  with 
hydrosulphuric  acid  it  forms  bisulphide  of  tin,  and  the  filtered  liquid 
treated  with  chloride  of  barium  yields  sulphate  of  baryta.  With  nitrate 
of  silver-oxiile,  it  yields  a  white  curdy  precipitate,  which  contains  hypo- 
sulphite of  silver-oxide,  together  with  chloride  of  silver,  and  therefore 
turns  black.  Hence  it  appears  that  the  aqueous  solution  contains 
bichloride  of  tin,  sulphuric  acid,  hyposulphurous  acid,  and  hydrochlorio 
acid.  [But  whence  tho  precipitation  of  stannic  oxide  on  boiling?]— 
Aqueous  ammonia  separates  sulphur  and  part  of  the  stannic  oxide  from 
the  crystals,  but  takes  up  a  large  proportion  of  the  stannic  oxide,  together 
with  hyposulphurous,  sulphuric,  and  hydrochloric  acid. — The  crystals 
absorb  amnion iacal  gas  with  great  evolution  of  heat,  and  are  converted 
into  a  yellowish- brown  mass;  and  when  this  mass  is  digested  in  water, 
the  whole  of  tho  stannio  oxide  is  left  undissolved  together  with  sulphur 
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in  the  fonn  of  white  flakes.  The  filtrate,  which  is  neutral  at  first,  acquires 
after  a  while,  the  property  of  reddening  litmus,  and  contains  hyposulphite, 
sulphate,  and  hydrochlorate  of  ammouia.  (H.  Rose,  Pogg,  42,  517.) 


fin 590 

2S 32-0 

6Cl   212-4 


U.  Roie. 

19-44 

19-82 

10-55 

11-38 

70-01 

68-19 

BnCP,2SCl* 303-4      ....     10000        99*39 

Bichloride  of  tin  may  likewise  he  mixed  with  dichloridc  of  sulphur, 
and  fomu  crystals  with  ic  in  the  cold.  (H.  Rose,  Pogg.  16,  67.) 

I.  Sulphate  of  Stannic  Chloride. — Bichloride  of  tin  absorhs  the 
vapour  of  anhydrous  sulphuric  acid  in  large  quautity,  and  without  evolu- 
tion of  sulphurous  acid,  and  when  perfectly  saturated  with  it,  solidifies  in 
a  transparent  and  colourless  mass.  It  dissolves  clearly  in  a  small  quantity 
of  water,  with  milky  turbidity  in  a  larger  quantity. 

On  distilling  this  mass,  a  colourless  syrup  (a)  passes  over  and  bardens 
into  a  transparent,  colourless,  brittle  mass;  a  white  mealy  sublimate  h  col- 
lects in  the  neck  of  the  retort;  and  an  unfuscd  mass  (c)  remains  in  the  retort. 

a.  The  brittle  mass  forms  with  water  a  very  turbid  solution  containing 
stannic  oxide,  hydrochloric  acid,  and  sulphuric  acid,  with  8C})arati()n  of 
white  flakes  mixed  with  heavy  oily  drops;  these  dissolve  but  slowly 
in  water,  as  sulphate  of  terchloride-of-sulphur;  the  flakes  which  remain 
behind  dissolve  readily  in  hydrochloric^  sulphuric,  or  nitric  acid. 

a  =  6(Siia«,Sn05)  +  5(SCl5,5SO»). 

Or :  H.  Rose. 

GSnCP 778-8  ....  27-43            12Sii 7080  ....  24*93  ....  2507 

CSnO* 450-0  ....  15-85            SOS   4800  ....  1690  ....  1740 

5SC1»  611-0  ....  21-51            27C1 935-8  ....  3366  ....  3396 

2580" lOOO'O  ....  35-21             870  6960  ....  2451  .... 

2839-8     ....  100*00        """"  28398     ....  10000 

Sometimes  the  compound  contains  less  (SnCl',  SnO'),  and  in  that  case 
it  dissolves  in  water  with  little  or  no  turbidity. 

h.  The  mealy  sublimate  contains  less  quintosulphato  of  chloride-of- 
flulphur  than  a,  and  therefore  fonus  no  oil-drops  or  only  a  few,  when  put 
into  water. 

c.  The  residue  in  the  retort,  after  being  sufficiently  heated,  con- 
tains nothing  but  stannic  oxide  with  sulphuric  acid.  The  large  quantihr 
of  stannic  oxide  arises  from  the  simultaneous  formation  of  terchlorido 
of  sulphur  from  the  sulphur  of  the  sulphuric  acid.  (H.  Rose^  Fogg. 
44,  320.) 

IT  M.  loDOCULOiiiDE  OP  TiN. — SiiCl,  Sill. — When  a  concentrated 
Rolution  of  stannous  chloride  is  boiled  with  iodine,  a  deposit  of  stannous 
iodide  is  formed,  and  the  liquid,  after  filtration  and  cooling,  yields  straw- 
yellow,  silky  crystals  of  the  iodochloride. — These  crystals  aro  decom- 
pO!jed  by  contact  with  water;  they  are  not  volatile,  'lliey  contain  12-63 
per  cent,  of  chlorine,  45*86  iodine,  and  42*16  tin.  (Henry,  Phil,  Trans. 
lHi5j  363.)  % 
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Tin  and  FLL'oniNE. 

HVDRATED    PROTOFLUORIDE  OP    TlN,   OF   HyDROFLUATE  OF  STANNOUS 

Oxide. — Aqiieoun  hydrofluoric  acid,  even  when  warmed,  has  no  8en»iblo 
action  upon  tin.  The  solution  of  stannous  oxide  in  aqueous  hydrofluoric 
acid,  when  evaporated  out  of  contact  of  air,  yields  small,  white,  very 
brilliant  crystals,  which  have  a  very  sour  taste,  and  are  easily  soluble 
in  water.  (Gay-Lussac  &  Thenard.) — Oimquo  prisms  which  tasto  first 
sweet  and  then  bitter;  and  when  exposed  to  the  air,  are  readily  converted 
by  oxidation  into  SnF",  SnO".  (Berzolius,  Pogg,  ],  34.)  According  to 
Unverdorben  (iV.  Tr,  1,  36),  hydrofluate  of  ammonia  gives,  with  hydro- 
chlorate  of  stannous  oxide,  a  precipitate  consisting  of  glimmering,  metal- 
shining  lamina)^  soluble  in  dilute  potash. 

B.  Aqueous  Bifluoride  of  Tin,  or  Hydrofluate  of  Stannic 
Oxide. — Aqueous  hydrofluoric  acid  fonns  with  stannic  oxide  a  solution, 
which,  when  evaporated,  gives  ofl*  hydrofluoric  acid,  and  is  converted  into 
an  insoluble  (basic  ?)  salt.  (Gay-Lussac  &  Thenard.)  The  solution  when 
boiled  coagulates  like  white  of  e^g,  (Berzelius.) 


Tin  and  Nitrogen. 

A.  Nitrate  op  Stannous  Oxide,  or  Stannous  Nitrate, — 1.  Very 
dilute  nitric  acid,  at  ordinary  temperatures^  dissolves  tin  in  the  form  of 
stannous  oxide,  the  action  being  attended,  not  with  evolution  of  nitrous 
gas,  but  with  formation  of  ammonia.  (Proust.) — 2.  By  dissolving  hydrated 
stannous  oxide  in  dilute  nitric  acid,  a  salt  is  obtained  not  mixed  with 
nitrate  of  ammonia.  (Berzelius.) — 3.  By  precipitating  protochloride  of 
tin  with  nitrate  of  load,  and  filtering  to  separate  the  chloride  of  lead. 
The  solution  is  less  liable  to  change,  if  mixed  with  excess  of  nitrate  of 
lead.  (Fischer,  Schw,  5C,  360.) — Yellow  solution,  which  if  left  to  itself  for 
some  time,  deposits  a  small  portion  of  stannous  oxide  (gelatinous  hydrate 
of  stannous  oxide,  according  to  Berzelius),  but  if  heated  with  fresh  nitric 
acid,  deposits  the  whole  of  the  tin  in  the  form  of  stannic  oxide  [anomalous 
hydrate  of  that  oxide].  (Proust.) 

B.  Nitrate  of  Stannic  Oxide,  or  Stannic  Nitrate. — The  ordinary 
hydrato  of  stannic  oxide  dissolves  abundantly  in  nitric  acid,  and  neutra- 
lizes it  completely.  The  solution  has  a  bitter  taste.  If  the  acid  used  is 
rather  strong,  a  portion  of  the  salt  separates  from  it  in  silky  crystals. — 
At  50^,  it  deposits  nearly  all  the  oxide  in  the  hydrated  state,  in  gelatinous 
lumps,  which  dry  up  to  a  transparent  and  colourless  mass;  the  oxide  thus 
obtained  behaves  like  ordinary  hydrate  of  stannic  oxide,  excepting  that 
it  will  not  again  dissolve  freely  m  nitric  aci<l,  unless  it  be  previously 
treated  with  ammonia.  If  the  solution  contains  nitrate  of  ammoniay  it 
does  not  decompose  at  ordinary  temperatures;  if  it  does  not  contain  tliat 
substance,  and  especially  if  it  be  much  diluted,  it  de{)osits  stannic  oxide, 
which,  however,  disapi)ears  again  on  the  addition  of  nitrate  of  ammonia. 
(Berzelius.) 

The  anomalous  hydrate  of  stannic  oxide  is  completely  insoluble 
in  nitric  acid^  even  if  previously  digested  in  ammonia.  (Benelius.) 
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C.  Nitric  Oxidb  with  Stannic  CnLORiDE. — Crystalline;  easy  to 
distil;  dccomposiblo  by  water.  (Knhlmann,) 

Hydrated  stannous  oxido  is  nearly  insoluble  in  aqueous  ammonia. 
(Berzelins,  Pogg.  28,  444.) — In  a  large  quantity  of  carbonate  of  ammonia, 
it  dissolves  almost  completely.  (Wittstom,  ItepeH,  63,  334.) 

D.  Stannate  of  Ammonia. — 1.  The  ordinary  hydrate  of  stannic  acid 
dissolves  in  aqueous  ammonia.  The  saturated  solution  evaporated  over 
oil  of  vitriol  in  a  receiver  containing  air  leaves  a  yellowish  jelly,  contain- 
ing NH*0,2SnO*,  together  with  water.  (Moborg.) — 2.  Aqueous  stannate 
of  potash  precipitates  stannate  of  ammonia  from  a  solution  of  sal- 
ammoniac.  The  gelatinous  precipitate  dissolves  in  pure  water,  but  is 
reprecipitated  by  ammonia.  The  aqueous  solution,  when  spontaneously 
evaporated,  becomes  viscid,  but  does  not  lose  its  transparency.  (Berzelius.) 
—The  anomalous  hydrate  of  stannic  oxide  docs  not  dissolve  in  ammonia. 

E.  Sulpuostannate  op  Ammonium. — By  dissolving  hydrated  stannic 
oxide  in  aqueous  bihydrosulphate  of  ammonia. — No  stannate  of  ammonia 
is  thereby  produced.  (Berzelius.) 

F.  Ammonio-protiodide  of  Tin. — 100  parts  of  stannous  iodide 
absorb  20*9  parts  of  ammonia,  evolving  heat,  and  forming  a  white 
compound.  (Kammelsbcrg,  Fogg,  48,  IGO.) 

Rammclsbcrg. 

2NH3 34       ....       15-52         17-29 

SnI 185       ....       84-18         82-71 

2NIl\SnI 219       ....     100-00         ZH       10000 

G.  Iodostannite  of  Ammonium. — By  precipitating  tolerably  concen- 
trated liydrochlorate  of  stannous  oxide  with  hydriodato  of  ammonia.-— 
Green ish-yellow  needles,  decomposed  by  water,  with  separation  of  red 
iodide  of  tin.  (P.  Boullay.) 

Dried,  Boullay. 

NHMII  144       ....       28*01         29-02 

2SnI 370       ....       71-99         70*98 

NHM,2SnI 514       Z     lOO'OO        ZZ       100*00 

H.  Ammonio-protochloride  of  Tin. — 2  At.  protochloride  of  tin 
absorb,  when  heated,  1  At.  ammoniacal  gas.  (Persoz.) 

I.  Ammonio-bichloride  of  Tin. — The  fuming  spirit  of  Libavins 
absorbs  ammoniacal  gas  at  ordinary  temperatures,  causing  evolution  of 
heat.  (H.  Davy.)— The  solid  mass,  as  it  forms,  must  bo  assiduously 
pulverized,  and  again  exposed  to  the  ammoniacal  gas,  if  we  would 
ensure  its  complete  saturation.  (H.  Rose.)  The  white  mass  may  be 
sublimed  without  decomposition  (even  in  hydrogen  gas :  U,  L'ose),  and 
when  heated  in  the  air,  evaporates  in  white  pungent  fumes.  (H. 
Davy.)  When  dissolved  in  water  it  roildcns  litmus  strongly.  (Grou- 
velle.)  After  sublimation,  it  is  crystalline  and  has  a  somewhat  yellowish 
white  tint.  Wlien  heated  with  sodium,  it  emits  a  brilliant  violet  light, 
and  is  resolved  into  granules  of  tin,  chloride  of  sodium,  and  ammoniacal 
gas.  It  dissolves  completely  in  cold  water  (Grouvolle,  H.  Rose), 
only  that  which  has  not  been  sublimed  forming  a  turbid  solution. 
The  solution,  if  evaporated  in  vacuo  over  oil  of  vitriol,  leaves  the  undo- 
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composed  componnd  in  the  form  of  a  maes  of  ciy8tal0|  which  sublime 
without  decomposition.  But  if  the  cold  solution  (which  gives  no  tur- 
bidity with  ammonia)  be  heated^  or  left  to  itself  for  a  few  dajs^  it  deposits 
a  jelfy.  Sulphuric  acid  likewise  gives  a  gelatinous  precipitate,  soluble  in 
a  larger  quantity  of  water.  The  same  character  is  exhibited  by  aqueous 
bichloride  of  tiu,  to  which  a  small  quantity  of  ammonia  has  been  added. 
The  compound  is  not  altered  by  pho«phuretted  hydrogen  gas  in  the  cold ; 
when  heated,  it  gives  off  auimouia  and  turns  red  on  the  surface,  probably 
from  formation  of  a  small  quantity  of  chlorostannate  of  phosphuretted 
hydrogen.  (H.  Rose,  Pogg.  24,  163.) 

H.  Rose.  Pcnoi.       Grouvelle. 


KH> 

SnCl«    

....      17-0    ....     11-58 
....     129-8     ....     88-42 

wblimed.    not  wblimed, 

....     10-92    ....     13-27     .... 
....     89-08     ....     86-73     .... 

20-45     ....     20-94 
79-55    ....     7906 

NH>,SnCP       146-8     ....  10000    ....  10000    ....  100-00     ....  10000    ....  10000 

The  nnsnblimed  compound  yields  a  larger  quantity  of  ammonia, 
because  free  ammonia  adheres  to  it.  (H.  Rose.)  According  to  Grouvelle 
and  Persoz  {Aim.  Chim.  Phys,  44,  322),  the  compound  =2NH',SnCP. 

K.  CiiLOROSTANNiTE  OP  Ammonium. — This  is  the  residue  obtained 
when  tin-filiDgs  arc  heated  with  sal-ammouiac,  ammonia  and  hydrogen 
gas  being  evolved;  at  a  higher  temperature  it  sublimes.  (Proust,  N.  Gehl, 
1,  249;  Berzelius.)  Regular  octohedrons,  which  are  permanent  in  the 
air,  and  redden  litmus;  their  solution  in  water  becomes  turbid  on  boiling. 
(Apjohn.) 


NH^Cl 

SnCl 

HO   

53-4 

94-4 

9-0 

•  ••• 

•  ••■ 

•  ••• 

34  06 

60-20 

5-74 

Apjoho. 
34'1 
60-3 
5-6 

NH^Cl,  SnCl  +  An.  . 

...       156-8 

•  ■•• 

100-00 

1000 

IT  Poggiale  {Compt,  rend,  20,  1180)  has  formed  a  compound  con- 
taining 2NHK]!1,  SnCl  +  3Aq;  it  crystallizes  in  needles  grouped  in  iuhs, 
permanent  in  the  air  and  decomposed  by  water.  T 

L.  CnLOROBTANNATE  OF  Amaionium. — PitiJs  SoU.^^l .  Prcdpitated  in 
the  form  of  a  white  powder,  on  mixing  concentrated  solutions  of  oichloride 
of  tin  and  sal-ammoniac.  When  a  dilute  mixture  of  the  two  solutions 
is  slowly  cvaporate<l,  the  compound  is  deposited  in  small  regular  octo- 
hedrons and  cubo-octohedrons.  (Bolley,  Ann.  Phann.  39,  100.)  It  may 
also  be  obtained  by  mixing  a  solution  of  40  partiS  of  tin  in  aqua-regia 
with  Sly  parts  of  sal-ammoniac  at  100"^,  evajKirating  to  dryness,  dissolving 
the  perfectly  dried  residue,  which  amounts  to  120  parts,  in  water,  and 
leaving  the  solution  to  crystallize.  (Wittstein,  Repert.  64,  7.) — 2.  Sub- 
limes in  transparent  octohe<lrons  during  the  preparation  of  mosaic  gold 
with  tin,  sal-ammoniac,  and  sulphur,  and  may  be  purified  by  solution, 
filtration,  and  crystallization.  (Gm.)  The  crystals  decrepitate  when 
heated,  then  evolve  bichloride  of  tin,  and  afterwards  sublime  in  white 
lam  in  so.  (Wittstein.)  Dissolves  in  3  parts  of  water  at  14-5'^.  The  con- 
centrated solution  does  not  decompose  on  boiling;  the  dilute  solution, 
when  boiled,  deposits  the  whole  of  the  stannic  oxide  in  white  flakes. 
(BoUey.) 
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Bolley. 

NH* 

18*0 

II. • 

•7c5*A                           •••! 

9-9 

CI 

••••          Ou'4 

••.• 

19-33 

19-2 

SnCP    

....       129-8 

.... 

70-85 

70-9 

NH*Cl.SnCP  

....       183-2 

.... 

10000 

100-0 

M,  Htdrocslorate  and  Stannite  op  Ammonia. — By  supersata- 
raiing  aqneous  protochloride  of  tin  with  ammonia  till  tlio  precipitated 
stanDons  oxide  is  redissolved,  and  evaporating  the  solution  in  vacuo,  this 
compound  is  obtained  in  crystals.  (Berzclius.) 

N.  Nitrate  of  Stannic  Oxide  and  Ammonia. — Nitrate  of  ammonia 
increases  the  solubility  of  stannic  oxide  iu  nitric  acid;  hence  it  is  easier 
to  dissolve  tin  without  precipitation  in  nitric  acid  containing  nitrato 
of  ammonia.  (Vid.  NUraie  of  Stannic  Oxide,  p.  02;  also  Ann.  Chiin, 
42,  218.) 

Tin  and  Potassium. 

A.  Alloy  op  Tin  and  Potassium. — a.  Seven  volumes  of  tin-filings 
unite  with  2  volumes  of  potassium,  with  faint  incandescence,  and  form  an 
alloy,  which  is  somewhat  less  wliito  than  tin,  brittle,  of  fine-grained 
fracture,  and  easily  fusible.  Oxidizes  quickly  in  the  air,  efiervesces  with 
water,  and  still  more  with  aqueous  acids. — 6.  With  a  larger  quantity  of 
potassium  an  alloy  is  obtained,  which  often,  especially  during  pulveriza- 
tion,  takes  fire  in  the  air.  (Gay-Lussac  &  Thenard.) — c.  When  granulated 
tin  is  ignited  with  cream  of  tartar,  or  100  parts  of  stannic  oxide  with 
00  parts  of  tartar  carbonized  by  roasting,  and  8  parts  of  lamp-black 
(with  16  lamp-black  a  pyrophorus  is  formed),  the  tin  takes  up  a  small 
quantity  of  potassium,  so  that  when  thrown  into  water,  it  slowly  evolves 
hydrogen  gas.  (Sorullus,  Anti,  Ghim,  Phya.  21,  200.) 

B.  Stannite  of  Potash. — Hydrated  stannous  oxide  dissolves  readily 
in  caustic  potash.  The  solution  is  resolved,  especially  when  heated,  into 
crystallizo<l  tin  and  stannate  of  potash.  (Proust.)  Zinc  separates  the  tin 
from  it  in  soft  laminae.  (Klapruth.)  When  solution  of  potash  is  com- 
pletely saturated  with  hydrate  of  stannous  oxide,  and  then  left  to 
evaporate  in  vacuo,  the  potash,  at  a  certain  degree  of  concentration, 
withdraws  the  water  from  the  hydrated  oxide,  which  thereupon  becomes 
insoluble  and  falls  to  the  bottom.  (Fremy.) 


C.  Stannate  op  Potash.— a.  Ordinary. ^^a.  Moiwdannate, — 1.  By 
fusing  stannic  oxide  or  either  of  its  hydrates  with  hydrate  or  carbonate 
of  potash.  If  the  fusion  with  carbonate  of  potash  be  interrupted  bcforo 
tho  carbonic  acid  is  completely  expelled,  the  ^amc  efi'ect  is  produced  as 
with  titanic  acid  and  carbonate  of  potash.  (III.  484;  II.  Hose.)  The 
fused  mass  generally  contains  an  excels  of  potash. — 2.  By  dis.solviug 
stannic  oxide,  or  the  ordinary  or  anomalous  hydrate  in  hot,  strong  potash- 
ley.  The  solution  saturated  with  hydrated  stannic  oxide  and  then 
evaporated  in  vacuo  over  oil  of  vitriol  to  a  considerable  degree  of  con- 
centration, yields  colourless,  shining,  oblique  rhombic  prisma,  whoso  very 
acuto  lateral  edges  are  often  truncated;  they  have  a  caustic  alkalino 
taste,  do  not  deliquesce  in  the  air,  but  absorb  carbonic  acid  from  it. 
Easily  soluble  in  water  whether  hot  or  cold.  (Aloberg,  Berz,  Jalircdher* 
22,  142;  Bw.  uhtr  d,   Vermmml.  d.  Naturf,  in  Prog,  1837.)     Tho 


96 


TIN. 


crystals  turn  red  when  boated,  bnt  do  not  molt.  (Proust.)  Lead  immersed 
in  the  aqueous  solution  precipitates  the  whole  of  the  tin.  (Fischer,  Pogg, 
9,  263.)  Copper  in  contact  with  tin  is  quickly  tinned  by  the  solution. 
(fioitQfiT,  Ann,  Pharm,  30,  171.)  Alcohol  added  to  the  solution  preci- 
pitates the  salt  /3. — IF  Ordinary  stannate  of  potash  does  not  lose  its 
solubility  in  water  by  ignition;  acids  added  to  the  solution  of  the  ignited 
salt,  throw  down  stannic  acid,  perfectly  soluble  in  nitric  acid.  (Fremy.)  H 

Anhydrous,  Crt/itallized,  Moberg. 

KO 47-2     ....     38-62  KO 47-2    ....     31-64  31-88 

8n02    75-0     ....     61-38  SnO^  ....  75*0     ....     5027  49-00 

3HO  ....  27-0     ....     18-09  18-06 

KO, SnO^        122-2     ....  100-00  +3Aq.       149*2     ....  lOO'OO    98-94 

/9.  Acid  Salt. — 1.  By  precipitating  the  aqneons  solution  of  a  with 
alcohol. — 2.  When  stannic  salt  is  precipitated  by  carbonate  of  potash, 
hydrated  stannic  oxide  containing  potash  is  precipitated;  and  this,  after 
the  saline  solution  has  been  removed  by  decantation,  dissolves  in  pure 
water,  forming  a  milky  liquid,  which  gives  a  precipitate  with  carbonate 
of  potajsh.  (Berzelius.) 

h.  Anomalous. — Fremy* 8  Metastannate  of  Potash, — When  the  ano- 
malous hydrate  of  stannic  oxide  is  boiled  with  a  very  dilute  solution  of 
potash,  a  solution  is  formed,  containing  IG  parts  of  stannic  oxide  to 
1  part  of  potash.  The  liquid,  which  appears  bluish-white  and  opalescent 
by  reflected,  and  deep  yellow  by  transmitted  light,  becomes  gelatinous  on 
evaporation,  and  afterwards  dries  up  to  a  deep  yellow  substance,  which 
re-dissolves  when  treated  with  water.  This  substance  is  resolved  by 
ignition  into  insoluble  stannic  oxide  and  a  compound  of  potash  with  a 
small  quantity  of  stannic  oxide,  which  may  be  extracted  by  water. 
(Berzelius.)  The  anomalous  hydrate  dissolves  imperfectly  in  aqueous 
potash,  and,  when  the  solution  is  left  to  itself  for  some  time,  partly 
separates  out  again.  It  does  not  dissolve  in  aqueous  carbonate  of  potash. 
(H.  Rose,  Anal,  Cliem.)  IT  Fremy  prepares  metastannate  of  potash  by 
aissolving  metastannic  acid  (p.  73)  in  dilute  potash-ley  and  adding  solid 
caustic  potash,  whereupon  the  compound  separates  in  the  form  of  a  white 
granular  precipitate.  This  precipitate,  when  dried  upon  a  porous  porce- 
lain] plate,  becomes  resinous  and  translucent;  it  dissolves  completely  in 
water,  forming  an  alkaline  liquid  which  cannot  be  made  to  crystallize 
by  evaporation,  but  on  the  audition  of  an  acid,  yields  a  precipitate  of 
metastannic  acid  insoluble  in  nitric  acid.  Metastannate  of  potash,  when 
heated  with  excess  of  caustic  potash  or  left  in  contact  with  it  for  several 
days,  is  converted  into  stannate  of  potash.  By  ignition  it  is  dehydrated 
and  decomposed.  From  the  ignited  salt,  water  extracts  potash  and  only 
a  small  quantity  of  metastannic  acid;  100  parts  of  the  salt,  after 
ignition  and  treatment  with  water,  yield  79  parts  of  metastannic  acid. 
Fremy  assigns  to  this  salt  the  formula  K0,Sn*0^°-f4H0.  (iV.  Ann,  Chim. 
Phys.  23,  393.)  IF 

D.  SuLPnosTANNATE  OF  PoTASSiUM. — KS,SnS*. — By  dissolving  anhy- 
drous or  hydrated  bisul])hido  of  tin  in  hydrosulphato  of  potash.  If  the 
bihydrosulphate  be  used,  the  second  atom  of  hydrosulphuric  acid  is  given 
off  with  effervescence;  if  the  sulphide  of  tin  is  anhydrous,  a  boiling 
heat  is  required  to  insure  saturation.  Caustic  potash  with  bisulphide  of 
tin  yields  the  samo  solution^  likewise,  however,  containing  stannate  of 
)tash. 


V- 
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SSii9  4-  8K0  -i  2(K8, 8n8>)  4-  KO,  8nO>. 

P^e  yellow  liquid.  When  digested  with  excess  of  hydrated  bisalphido 
of  tin,  it  converts  the  latter  into  seBQuisnlphide,  tin  being  deposited  and 
Bulphnr  dissolved,  and  a  solution  of  polysulphide  of  potassium  formed. 
Acids  added  to  the  solution  of  sulphostannate  of  potassium  evolve  hydro- 
snlphuric  acid  and  precipitate  bisulphide  of  tin: 

KS,  SnS2  +  HO  +  S0»  =  KO,  S0»  +  SnS«  +  IIS. 

For  every  2*12  parts  of  bisulphide  of  tin  (in  the  anhydrous  state)  which 
hydrochloric  acid  throws  down  from  the  lio  uid,  there  arc  formed  1  '63 
parts  of  chloride  of  potassium.  Alcohol  added  to  the  yellow  solution 
throws  down  a  more  concentrated  solution  of  the  same  compound^  in  the 
form  of  a  light  yellow  thickish  liquid.  (Berzelius.) 

E.  loDosTANNirE  OF  PoTASsiuM.— Concentrated  solutions  of  proto- 
chloride  of  tin  and  iodide  of  potassium  solidify  when  mixed,  in  conse- 
quence of  the  formation  of  yellowish  silky  needles;  the  same  may  be 
obtained,  but  in  a  finer  state  of  crystallization,  from  a  solution  in  hot 
alcohol.  When  chlorine  gas  is  passed  over  the  anhydrous  salt,  the  tin 
bums  with  emission  of  light  ami  forms  biciiloride  of  tin,  leaving  a 
residue  of  chloride  of  potassium.  A  small  quantity  of  water  withdraws 
iodide  of  potassium  from  the  salt;  the  remaining  iodide  dissolves  on  tho 
addition  of  more  water.  The  compound  dissolves  in  hot  alcohol,  leaving 
but  a  small  quantity  of  iodide  of  tin  behind,  and  the  solution  yields 
crystals  on  cooling.  (P.  Boullay.) 


K 39-2 

2Sn 1180 

31    378-0 


Or: 

Boullav. 

7-33 

KI 

165-2    ....     30-87     ... 

33-76 

2205 

2SnI .... 

3700     ....     6913    ... 

66-24 

70-62 

KI,2Siil 535-2     ....  100-00  535*2     ....  10000     100-00 

F.  Chlorostannite  op  Potassium.— 2KCl,Sn CI +3H0.  Needle?. 
(Poggialo.) 

G.  Chlorostannatr  of  Potassium. — By  evaporating  aqneons  bichlo- 
ride of  tin  with  chloride  of  potassium.  Jacquelain  (Ann.  C/iim,  Phys. 
66,  130)  dissolves  equal  numbers  of  atoms  of  chloride  of  potassium  and 
bichloride  of  tin  in  water.  Wittstein  (Repert,  G4,  7)  adds  5  parts  of 
chloride  of  potassium  to  a  solution  of  4  parts  of  tin  in  aqua^regia,  or  fuses 
1  At.  anomalous  hydrate  of  stannic  oxide  in  a  silver  crucible  with  1  At. 
hydrate  of  potash,  and  dissolves  in  hydrochloric  acid.  Bolley  {Aim, 
Fharm,  39,  100)  mixes  dilute  hydrochlorate  of  stannic  oxide  with  excess 
of  chloride  of  potassium. — Regular  octohedrons  (Bolley,  Wittstein); 
rhombohedrons  (Jacquelain).  The  prystals,  which  are  permanent  in  tho 
air,  decrepitate  when  heated,  give  off  bichloride  of  tin,  and  leave  chlurido 
of  potassium  mixed  with  a  small  quantity  of  stannic  oxide  (Bolley),  or 
chloride  (Wittstein). 


K. 

811  

3Cl 

39-2 

59-0 

106*2 

....     19-18 
....     28-86 
....     51-96 

Jacquelain. 

....     19-42 
....     28-07 
....     51-85 

Or: 

KCl...    74-6    .... 
SnCl*   129-8     .... 

36-5 
63-5 

Bolley. 
...     36-3 
....     63-7 

KCI^SnCP 
TOL. 

204*4 

T. 

....  100-00 

....     99-94 

204-4     .... 

100-0 
H 

....  100-0 

H.  Htdrocblorate  and  Stankiteop  Potash.— The  liquid  obtained 
by  supeniataratiDg  hjtlroclilurato  of  Rtannoutt  osido  with  polaali  tilt  tfas 
precipitate  is  re-dissolved,  yields  erjsfale  when  evi^unted  in  vacuo. 
(Bei'zelius.) 

TrN  AND  SoDinM. 

A.  Alloy  op  Tin  and  Sodiuh. — Foar  volumes  of  tin-filings  unite 
■with  1  volume  nf  aodiuni  at  the  melting  point  of  tin^the  comhi nation 
being  attended  with  evolution  of  light  and  heat — and  form  n  white, 
very  brittle,  fine-grained  alloy,  which  oxidiies  in  the  air,  and  offcrveacea 
with  water  and  with  aqueous  aci<le.  (Gay-Lnssac  &  Thenard.)  The  alioy 
may  likewise  bo  formed  by  igniting  tin  with  charred  soap.  (Sernllus.) 

n  aqueous 


C.  SfAffNATB  OP  Soda.— 
pitli  onlinary  hydrate  of  stannic  oxide  yields — though  not  without  diffi' 
sided  tabular  crystals,  which  are  lighter  the 


n  water,  (Moberg.) 


Ordinary. — Solution  of  soda  saturated 
ot  without  diffi- 
the  potash -salt 


N.0 .... 
SnO"  . 
3H0    . 


Crfilalliitd.  Mober;. 

312     ....     23-^3  ....     23S 

rS'Q     ....     66'31  ....    66-0 

270    ....     20-27  ....     !0'2 


NsO.SnO' lOe-2 


+  3Aq ,.. 


If  hydrochlorate  of  atannous  oatide  be  precipitated  at  a  lemperatnra 
above  40'  with  excess  of  carbonate  of  soda,  the  filtrate,  on  coolinz, 
deposits  a  compound,  which  oScrvoscos  with  acide  after  being  waelied, 
and  is  therefore  probably  a  carbonate  of  stannous  oxide  and  soda.  (Ler- 
Icanf,  J.  pr.  Cheni.  21,  817.) — IF.  b.  MttaHannate. — Obtained  by  tns 
action  of  concentrated  soda-ley  on  metaatanuio  acid.  The  salt  is  very 
difficultly  Boluble  in  water,  while,  granular,  and  crystalline.  It  is  resolvM 
at  60'  (or  at  a  boiling  heat,  if  in  solution)  into  metastannic  a«id  and 
soda.     Ita  composition  appears  to  bo  :  NaO,Sn^O"'-t-4Aq.  (Fremy.)  ^, 

D.  SuLPHOSTANNATK  OF  SoDttJM. — Similar  to  the  potass! urn- com- 
pound. (Berselius.) 

E.  loDOSTANKiTK  OF  SoDiDM. — When  a  solution  of  iodide  of  sodium 
in  concentrated  hydrochlorate  of  stannous  oxide  is  left  to  stand  for  some 
hours,  it  first  deposits  iodide  of  tin,  and  tlien  pale  yellow  crystals  of  the 
iodostannite,  deoomposible  by  water.  (P.  fioullay.) 

F.  CnLonosTANNATB  op  SoDiDM. — By  evapofatiug  a  mixture  of 
bichloride  of  tin  aud  common  salt.  According  to  Wittateio,  1  part  of 
common  salt  with  1  part  of  tin  dissolved  in  aqaa-regia;  or  1  At.  auoraaloua 
hydrate  of  stannic  oxide  fused  with  1  At.  hydrate  of  soda,  and  dissolved 
in  bydroohloiic  acid.  Anhydrous,  deliquescent  cubes,  which,  when  i^ited, 
leave  common  salt  with  a  small  quantity  of  cliloride  of  tin.  (Wittatein.) 
Rhombic  laminae,  which  are  pcrma.nent  in  cold  air,  elHoresce  iu  warm  ur, 
give  off  12  or  13  per  cent,  of  water  at  100,  and  the  chloride  of  tin  at 
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ft  red  heftt.  (Bolley.)  It  remains  to  be  determined  b^  analysis,  whether 
the  flftlts  obtuned  by  Wittstein  and  by  Bolley  differ  in  anything  besides 
their  quantity  of  water.  Lewy  has  formed  a  compound  containing 
NaC],SnCl*+5  Aq. 

6.  Hydbochlorate  and  Stannite   of  Soda. — Analogous  to  the 
potftsh-oompound.     Delicate  needles.  (Berzelius.) 


Tin  and  Barium. 

Bj  halting  tin  to  whiteneis  with  baryta,  strontia  or  lime,  and  cbarcoal,  Gay- 
Bnc  uid  Tb&iard  did  not  succeed  in  forming  alloys  of  tin  wiik  the  metals  of  these 
alUii. 

A.  Stannate  op  Baryta. — Precipitated  on  mixing  baryta-water  or 
a  barytft-salt  with  aqueous  stannate  of  potash.  The  precipitate  produced 
by  baryta-water  contains  20-9  (1  At.)  baryta  to  70*  1  (4  At.)  stannic  acid. 
(Benelius.)  Moberg,  by  precipitating  chloride  of  barium  with  stannate 
of  potash,  obtained  a  heavy  white  powder=BaO;SnO'  +  0  Aq. 

B.  SuLPnosTANNATE  OP  Barium. — Sulpliostanuato  of  potassium 
forms  with  baryta-salts,  a  light  yellow  prcciiiitate  solublo  in  water. 
(Benelius.) 

C.  loDOSTANNiTE  OP  Barium. — By  dissolving  stannous  iodide  in 
aqnecus  iodide  of  barium.     Very  soluble  salt.  (P.  Boullay.) 

•T.  D.  Chlobostannite  op  Baritth. — BaCl,SnCl  +  4  Aq.  Prepared 
by  Poggiale. 

E.  Chlorobtannatb  OP  Barium. — BaCl,SnCl*-f  5  Aq.  Prepared  by 
Lewy.  T. 

F.  Htdroohlorate  and  Stannite  op  Baryta. — Analogous  to  the 
potash-compound. 

Tin  and  Strontium. 

A.  Stannate  op  Strontia.— By  precipitating  stannate  of  potash 
with  strontia-water  or  a  strontia-salt. 

B.  Sulphostannatb  op  Strontium.— As  with  barium. 

C.  Iodostannitb  op  Strontium.— As  with  barium. 

T.  D.  Chlorostannitb  op  Strontium. —SrCl,SuCl  + 4  Aq. — Pre- 
pared by  Poggiale. 

E.  Chlorost annate  op  Strontium.— 5rCl,SnCP  +  5  Aq. — Prepared 
by  Lowy.  IT. 

P.  Hydrochlorate  and  Stannitb  op  STRONtiA. — Analogous  to  the 
potadt-compoiind.    Delicate  needier  (Berselius.) 

n2 


Tim  A»n  Cawidh. 

A.  Stannatb  or  Lime. —  Slowly  preeipitaleJ  when   a   limo-sftlt  Is 
Qiixed  with  stanoato  of  potaeb.     Contains  CaO,SnO'+  i  Aq.  (Moberg.) 

B.  SuLPHOGTAKKATE    OF    Calcidm.  —  Analogotta     to    tbe    bulum 
compound. 

Tin  and  Magnesiitm. 

A.  Stannate  op  Magnesia. — Slannate  of  potaeb  precipitates  from 
magnesia-salts  a  magma,  wliicb  stops  up  the  filter  and  cannot  be  washed. 

(Moberg.) 

T.  B.  CHLonosTANHATE  OP  Maqnesidh. — MgCl,SnCl'+5  Aq.    Pre- 
pared by  Lewy.  IT. 

C.  HTrRociiLORATE  AND  Staknite  OF  Maqhesia. — Similar  to  the 

potash-salt.     Deliquescent. 


Tin  and  Silicicm. 

A.  SiLiciDE  OP  Tm. — Tin  fuses  with  ailicium  before  the  blowpipe, 
forming  a  ductile  alloy,  which,  when  dissolved  in  acids,  leaves  a  smalt 
quantity  of  silica.  (Berzelius,  i'o^^,  1,220.) 

Quadrosilicate  of  soda  precipitates  hicblorido  of  tin,  but  not  the  pro- 
tucbloride.  (Walckor.) 

B.  SiLico-PLDOBiDE  OP  TiK. — Long  prisms,  very  easily  «o]nbIe  in 
water.  On  evaporatiug  the  solution  in  the  air,  the  stannons  oxide  if 
converted  into  stannic  oxide,  and  is  precipitated  in  combination  with 
silica,  (Berzelius.)  According  to  Berzelius  {Pogg.  1,  200),  this  salt  con- 
tains protolluoride  of  tin  ;  according  to  Beriolias's  ZfhrbaJA  (4,  532),  on 
the  contrary  (writing  the  formula  in  accordance  with  the  ntimben 
adopted  in  this  Ifand-book),  it  is  SnF'.SiF'. 

Tin  and  Tungsteh. 

A.  Tdnqstate  op  Stankocs  Oxide,  or  SiANUons  ToNasTATE.— 
Monotungstate  of  potash  added  to  hydrochlorate  of  stannous  oxide  throws 
down  a  yellow  powder,  which  gives  olt'  water  and  turns  brown  when 
heated,  and  bakes  together  at  a  red  heat.  Hydrochloric  acid  extracti 
from  the  powder  the  etaunous  oxide,  which  then  converts  the  separated 
tnngstic  aeid  into  blue  oxide.  The  salt  dissolves  in  osolio  acid  and  in 
potash,  slowly  in  hoiling  phosphoric  acid,  and  not  at  all  in  water.  ( Anthon, 
J.pr.  CItem.  9,  341.) 


SnO   

WO*. 

67     .,„     3S-B3 

Anihon. 
...     35-9 
-.     61-1 

SnO  . 
W0». 
CHO 

XVignilcd. 

67     ....     H7-8 

54     .,.,     22-4 

Anthon.       ^h 
....     SO         H 

....  100      ^B 


B.  Stannous  Sulphotunostatb.  —  SnS,WS'.— Voli 
flttkea.  (BeTieliaa.) 

C.  Stankic  SutPHOTUKGSTATE. — SnS',WS'.— Greyish-yellow  flukes. 
I  {BtneUiu.) 

Tin  and  Moltbdenum, 

A.  MoLYUDATE  OP  Stannic  Oxide,  Of  Stannic  Molybdate.' — Grey 
powder,  insoluble  iii  wnter,  but  suluble  in  dilute  Lydrocliloric  acid  with  a 
Use,  ia  concentrated  hydrocbluric  acid  willi  a  green,  and  id  aqueous 

fotask  with  a  brown  colour;  cot  attcre<l  by  nitric  aeid.  (fierxeliua.)  The 
Ine  precipitate,  obtained  by  mixing  an  alKaliue  molybJale  witli  stannous 
bydrochlontte,  or  by  placing  tin  in  ccintact  witU  molybdic  acid,  water, 
and  a  vety  email  quantity  of  hydroclil-oric  acid — Riehtcr's  Blue  Carmine, 
wbich  was  regarded  by  Bticholi  as  a  molybdanite  of  stuunic  oxide — is, 
sccording  to  Bcrzelius,  nothing  more  than  a  mixture  of  stannic  molybdate 
and  bine  oxide  of  molybdenum. 

B.  Stannocs  SnLpnoMOLVBDATE, — Formed  by  precipitating  a  stan- 
uoDa  salt>     Black  precipitate. 

C.  Stannic  Sulphomolybdate,  —  By  jirecipitatlng  a  atannio  salt. 
Tbe  translucent  brown  precipitate  becomes  brownish-grey  on  dryiog. 

D.  Stasnods  Persulphomolybdate.  —  Hydrochlorate  of  atannous 
oxide  is  completely  precipitated  by  an  aqueous  aolution  of  the  potiieaiuni- 
fklt.  The  dark  oruwn  precipitate,  when  immersed  in  the  liquid  aud 
exposed  to  the  lur,  is  converted  into  E,  and  dissolves  gradually,  forming 
•  l«d  solution, 

E.  Stannic  PEnsuLpnoMOLvnDATE. — Red  precipitate,  slightly  soluble 
In  water,  iu  which  it  forma  a  red  solutionj  hence,  when  it  is  precipitated, 
■  portion  remains  dissolved,  (Borzelius,  I'offg.  7,  287.) 


Alkaline  1 

the  mUtarc  of  vaoai 

yellow,  (Benelios.) 


preci]>iutci  with  (insults.  The  ^ellaw  niuturc  of 
lonle  of  ■tannoua  aiide  lasH  ita  colour  ilW  n  nhile; 
ICli  hydrodilDrate  of  stannic  oxide  remains 


Tin  and  Chromium. 


A.  StannaU  of  Chromic  Oxide? — a.  By  heating  cLromale  of  afan- 
nio  oxide  to  bright  redness,  a  dark  violet  mass  is  obtained,  which 
eomniuuicates  to  glazings  a  variety    of  tints,  from  rose-red  to  violet, 

iUykauf,  J.  pr.  Chtm.  13,  127,)  — 6-  Ilyprr-aeid  Salt.  —  Mineral  lac, 
•aeque  miufrale.  50  parts  of  ttunuic  oxide  very  strongly  ignited  with 
)  |>art  of  chroniie  oxide,  yield  a  mass  consisting  of  fine  crystals  and 
tttreous  globules,  of  beautiful  and  very  durable  colour. — c.  Hyperacid 
Sail  containing  iitannate  of  Lime.  — I'iiii-colom:  —  100  parts  of  atannio 
sxide  are  strongly  ignited  for  some  bours  with  34  parts  of  chalk  and 
from  1  to  Ij  pt.  chromic  oxide,  or  3  to  4  chromaEo  of  potash  (perhaps 
«Ih  with  the  addition  of  1  part  silica  and  1  part  alumina).  The  dingy- 
Cod  ninsa  is  washed  with  water  containing  byurochluric  aeid,  and  thereby 
loquiree  &  beautiful  rose-red  colour,    It  is  soluble  in  rather  strong  hydro- 
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chloric  acid,  whicli  is  not  tlio  caso  With  mineral  lac/  it  is  nsed  to  pro- 
duce a  red  colour  oii  Fat/tnce,  (Malagiiti,  An7^,  Chim.  Phys,  61,  433.)— =* 
d,  llydrated  i — Monocliromato  of  potash  added  to  hydrochlorate  of  stan- 
nous oxide  throws  down  a  green  mixture  of  chromic  oxide  and  stannic 
oxide.  (Grouvelle.) 

B.  CiiROMATE  OP  StANNOUS  OxiDE. — ^Whett  hydrochlorato  of  stan- 
nous oxide  is  added  to  chromate  of  potash,  the  latter  being  in  excesa  and 
the  liquid  agitated,  chromate  of  stannous  oxide  is  precipitated  in  yellow, 
curdy  flocks.  (Berzelius.)  On  the  contrary,  when  dilute  chromate  of 
potash  is  added  by  small  portions  at  a  time,  and  with  constant  agitation, 
to  hydrochlorate  of  stannous  oxide,  a  greenish- white  precipitate  is  pro- 
duced, probably  consisting  of  stannate  of  chromic  oxide.  If  the  tin- 
solution  contains  free  acid,  the  whole  remains  dissolyed,  forming  a  green 
solution. 

C.  CimoMATE  OT  Stannic  Oxide. — Bi-hydrochlorate  of  stannic  ozidoi 
not  containing  any  further  excess  of  acid,  forms  a  yellow  precipitate 
with  chromate  of  potash.  The  liquid  above  the  precipitate  acquires  an 
orange-yellow  colour,  in  consequence  of  the  liberation  of  chromic  acid. 
—The  precipitate,  after  drying,  is  brownish-yellow  and  translucent; 
and  is  converted  by  ignition  into  violet-coloured  stannate  of  chromio 
oxide. 

Tin  and  Manganese. 

Stannate  op  Manoanous  Oxide. — ^White  powder,  which  gradually 
becomes  dark  brown  by  exposure  to  the  air.  (Berzelius.)  According  to 
Mobcrg,  it  acquires  a  yellow  colour. 

Permanganate  of  potash  gives  no  precipitate  with  hydrochlorate  of 
stannic  oxide.  (Fromherz.) 

Tin  and  Arsenic. 

A.  Arsenide  op  Tin. — 1.  When  pulverized  arsenic  is  stirred  about 
in  melted  tin,  combination  takes  place,  attended  with  evolution  of  light 
and  heat.  (Gchlen,  A.  Vogel.) — 2.  By  heating  tin  with  arsenious  acid. 
(Gehlcn.) — White,  sonorous,  and  brittle,  if  the  tin  be  not  in  too  great 
excess;  of  laminar  texture,  and  less  fusible  than  tin.  —  Gives  off  its 
arsenic  when  fused  in  an  open  vessel.  With  hydrochloric  acid  it  evolves 
arseniurettcd  hydrogen  gas. — When  it  is  dissolved  in  hydrochloric  acid, 
there  remains  a  black  compound  of  tin  with  excess  of  arsenic,  which 
chives  off  its  arsenic  when  ignited,  and  then  dissolves  again  in  acids.  An 
alloy  containing  excess  of  arsenic  is  not  attacked  by  hydrochloric  acid. 
(Soubeiran.) 

B.  Arscnite  of  Stmmic  Oxide  or  Arseniate  of  Stannous  Oxide f^ 
1.  Arsenic  acid  with  acetate  of  stannous  oxide,  or  arseniate  of  potash  with 
hydrochlorate  of  stannous  oxide,  forms  a  white  precipitate,  insoluble  in 
water. — 2.  Tin  dissolves  in  aqueous  arsenic  acid — arseniurettcd  hydrogen 
being  evolved — and  forms  a  gelatinous  mass.  (Scheele.) 

C.  Stannous  Sulpharsenite.  ^  By  preoipitatinff  hydrochlorato  of 
stannous  oxide  with  a  saturated  solution  ol  orpiment  xn  hydrosdlphato  of 

\ 


ANTIMONIATE  OP  STANNIC  OXIDE. 


lit  givea        ^H 


kIs.     Tia  dark  brown  precipitate  does  not  fuse  when  heated,  but 
off  part  of  its  orpitnent,  and  leaves  a  grey,  metallic,  porous 

Stanwio  SnLi'HABSENiTE, — Tli8  yellow,  gummy  precipitate  ob- 
with  Iiydrochlorato  of  stannic   oside,  becomes  orange-yellow  on 

irying,  jrields  a  powder  of  a  fine  yellow  colour,   and  beliavea  like  C 

when  heated.  (Berselius,  rogg.  7,  H7.) 

Stawnocs  Sulfharsexiate. — Both  the  hlbasio  and  the  tetbasio 
iharsentte  of  eodium  gire  dark  cheatnut-brown  precipitates  with 
— ihlorate  of  stannouB  oxide. 

F.  STAKNicSpLPHAnsESiATE. — Both  the  bibasic  and  terbosio  Bodinm* 
■alts  form,  with  hydtochlorato  of  stannic  oxide,  pale  yellow,  gummy  pre- 
-'-ilatea,  which  stop  up  the  filter,  and  become  orange-yellow  on  drymg. 

irseliue,  Poffg.  ",  28,) 

O,  Bichloride  uf  tin  comhinea  with  terohlorido  of  arBonic,  the  com- 
lunatiou  being  attended  with  erulution  of  beat.  (J.  Dary.) 


lydroo) 
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TlK  AKD  AlTTtMOJfT. 

..  AMTtMoKiDB  OF  TiN. — Formed  by  fusing  the  two  metals  together 
•—in  which  CMP  the  combination  takes  place  witbont  evolution  of  light 
JUid  heat — or  by  fusing  sulphide  of  antimony  with  excess  of  tin. 

a.  12  pts,  tin  to  1  antimony.     The  alloy  called   Pewter,   used   for 

ting  Teasels  to  hold  liquids. 

bi  10  pts.  tin  to  I  antimony.     Perfectly  ductile.  (Chaodot.) 

e.  7  pt«.  tin  to  1  antimony.  Prodaces  a  fine  tono.  (Kuatner,  K<utn. 
Arch.  19,  S24.) 

H.  3  pts.  tin  to  I  antimony.  Lees  ductile  than  tin;  sp.  gr.  7'039. 
^Chandet.) 

e.  l'5pl«,  tin  to  1  antimony.  Brittle,  less  laminar  than  antimony. 
(OebkD.) 

/.  1  pt.  tin  to  1  antimony.  Extremely  brittle;  easily  pulverized;  sp. 
gT.  6-808.  (Chaodet.) 

The  ductile  alloya  are  rendered  brittle  by  the  addition  of  a  email 
()imntity  of  lead.  If  the  quantity  of  tin  bo  not  less  than  9  times  as 
grcnt  as  that  of  the  antimony,  boiling  hydrothlorio  acid  extracts  the 
whole  of  it  (with  evolution  of  antimuniurotted  hydrogoni),  and  leaves  tlie 
antimony  iu  the  form  uf  a  black  powder.  (Chaudet,  !dnn.  0/iim.  Phya.  3, 
«76i  aXaoIf.  Tr.2,  1,107.) 

B.  A  NT  I, M  ON  I  ATE  OP  Stansic  Okide. — When  hydroohlorie  acid  iu 
which  anlimonio  acid  and  stannic  oxide  are  dissolved  together,  is  diluted 
with  water,  the  two  metallic  acids  are  precipitated  iu  comhinntion,  and 
the  li'iiiiJ  loses  nearly  all  the  metal  that  it  contained.  (Then.ard.)— If 
tin  on  the  one  hand,  and  antimony  on  Iho  other,  be  heated  with  excess 
of  nitric  acid,  till  red  fumes  arc  uo  longer  given  off,  and  the  two  liiguids 
bo  ibcB  mixed,  the  two  white  powders  therein  contained  are  converted 
into  a  yellow  powder,  with  fresh  evolution  of  nitrous  vapours, — becaufit 
the  anUmoniato  of  antimonio  oxide  [nitrate  of  antimonic  oxide]  funned 
from  the  antimony,  bucomcB  oxidized  and  converted  into  antimonic  ooid, 


vhich  then  unites  vUb  the  stannous  oxide   [sUnnio  oxldel-   (Levol, 
^.  Ann.  CMm.  Phyt.  I,  504;  also  J.  pr.  Ckem.  24,  253.) 

C.  Stannoub  Solphantimoniate. — KdiHppe'a  salt  gives  a  dark 
brown  precipitate  with  liydrocblnrato  uf  ataanic  oxide,  (lummelsberg.) 

Tin  and  Tell  n  hi  cm. 

A.  Telluride  of  Tin. — Tellurium  fuses  with  tin. 

B.  Stanno0s  Sdlpiidtellurite. — The  brown  precipitate  turns  blaolc 
on  drying',  and,  when  heated  in  a  rcturt,  givett  off  aulphur,  and  is  con- 
verted into  a  grey  mass  having  the  metallic  lustre. 

C.  Stannic  Sulphoiellubite.— The  precipitate  is  dark  brown. 
(Berielius.) 

Tm  AND  Bismuth. 

A.  Alloys  of  Tin  and  Bismuth. — An  alloy  of  177  parts  (3  At.) 
of  tin  and  213  pnrta  (1  At.)  of  Liamutb.  when  cooled  from  a  state  of 
fusion,  esbibita  but  one  solidifying  point — inasmuch  as  it  Grst  cools 
regularly  down  to  143",  and  then  remains  at  that  temperature  for  a  con- 
siderable time,  till  the  latent  heat  set  free  in  the  solidification  of  tba 
alloy,  has  bad  time  to  escape.  But  all  other  alloys  of  these  metals  like- 
wise exhibit  a  higher  solidifying  point  (wbiib  may  be  distinguisbcd  u 
the  Point  of  Sepai-ation),  inasniucb  as  the  excess  of  the  one  or  the  other 
metal  [or  rather — since  the  point  ia  variable — another  definite  alloy  con- 
taining an  excess  of  one  of  the  two  metals]  solidifies  first,  and  afterwards, 
at  143',  the  hitberto  fluid  alloy  cuutainiug  Sn'Bi.  The  higher  solidify- 
ing point,  or  point  of  Hoparntion,  is  190°  for  Sn"Bt,  IGO"  for  Sn'Bi,  150' 
for  Sn'Bi,  170"  for  Su'Bi',  anJ  190"  f..r  SnBi.  (Ruilberg,  Poffg.  18,  240.) 

«.  40  parts  tin  to  1  bismuth;  perfectly  ductile;  the  addition  of  1  part 
of  lead  diminishes  its  extensibJIitv'. 

b.  25  parts  of  tin  to  1  bismuth.     Slightly  ductile.  (Chaudet.) 

e.  8  parts  tin  to  1  bismuth.     Fuses  at  199''.  (Lewis.) 

d.  3  parts  tin  to  1  bismuth.  Fulverizable;  of  dull  grey  fracture,  and 
Buocilio  gravity  7 '776.  Gives  np  all  its  tin  witb  a  small  quantity  of 
bismuth  to  heated  hydrochloric  acid.  (Chaudet.) 

e.  2  parts  tin  to  1  bismuth.     Fuses  at  1G6°.  (Lewis.) 

/  236  parts  (4  At.)  tin  to  213  parts  (1  At.)  bismuth.  Sp.  gr.  S'OSS. 
(Regnauh.) 

ff.  1  part  tin  to  1  bismuth.  Perfectly  brittle;  pulverizable;  of  fine- 
grained tractnre;  sp.  gr.  8'y45.  (Chaudet.)  Fuses  at  1-38^.  (Lewis.) 
Expands  strongly  in  solidifying.  (Marx.)  With  hydrocliloric  acid  it 
behaves  like  d.  fChaudet,  JnM.  C'Am.i*Ayj.  5, 142;  also  Jf.  Tr.  2,  2,  340.) 

A,  177  pts.  (3  At,)  tin  to  213  pts.  (1  At.)  bismuth.  Fuses  bctweea 
131°  and  13r.  (Dobereiner,  Kailn.  Arch.  3,  90.) 

;.  118  pts.  (2  At.)  tin  to  213  pts.  (1  At.)  bismuth.  Sp.  gr.  8-759. 
(Begnanlt.) 

B.  Allov  uf   Antimony,  Bismdth,  and  Tin. — 236  parts  (4  At) 
tin  to  213  pts.  (1  At,)  bismuth,  and  129  pts  (1  At.)  antimony.     " 
7-883  at  20°.  (Regnadt,  .inn.  CMm.  fhjfi.  7G,  136.) 
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Tnr  AND  Zinc* 

A.  Allots  of  Tin  and  Zinc. — These  two  metals  fase  together  with 
b;  the  alloy  is  harder  than  either  tin  or  zinc,  and  less  extensible  than 

tin.  Sn'Zn  has  bnt  one  solidifying  point,  viz.,  at  204^  (Compare  the 
obeerrations  made  with  reference  to  Bumuth  and  Tin.)  The  other  alloys 
exhibit  in  addition  a  higher  solidifying  point,  which  varies  according  to 
the  natore  of  the  alloy.  (Radberg.) 

Sn^Zn         Sn^Zn 
Vsriable  point ....    210^    .... 
Fixed  point 204''    ....     204*"    .. 

B.  Stannate  of  Zinc-oxide. — Stannate  of  potash  yields  ,with  zinc* 
saltSj  a  white  precipitate  composed  of  ZnO,SnO'  +  2 Aq.  (Moberg.) 

Other  Compounds  of  Tin. 

With  Leady  Iron,  Cobalt,  Nickel,  Copper,  Mercnry,  Silver,  Gold, 
Platinnm,  Palladium,  and  Indium.  As  tin  makes  these  metals  brittle,  it 
was  called  by  the  alchemists,  Diabolus  MetaUorum, 


Sn^Zn 

Sn^Za 

Sn^Zn 

SnZn 

230** 

....     250*»     .... 

280** 

....    320' 

204** 

....        m\3\           .... 

204' 

....     204*» 
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LEAD. 


Bacholz.     Lead-oxide  and  its  salts.     A,  GM.  5,  253. 

Thomson.     Oxides  of  lead.     A.  Gehl,  4,  92. 

Berzelins.     GUh,  166  and  186;  46,  131.     Further:  Schw,  7,  71. 

Winkelblech.     Oxides  of  lead.    Ann.  Pharm.  21,  21 ;  also  J.  pr,  Chem* 

10,  227. 
Bromeis.     On  the  salts  produced  by  tho  action  of  lead  on  the  nitrate  of 
lead-oxide.    Ann,  Fharm.  72,  38. 


Synontmes  : — BUi,  Plomby  Plumbum,  Saturnus. 

Hidory. — Known  from  the  earliest  times. 

Sources, — In  the  metallic  state? — as  red  lead;  as  peroxide;  as  car- 
bonate, phosphate,  sulphate,  sclenite,  tung^tate,  molybdate,  vanadiate, 
chromate,  and  arsoniate  of  Icad-oxiilc;  as  aluminate  of  lead-oxide;  as 
chloride  of  lead,  sometimes  united  with  oxide  or  carbonate;  as  selenide  of 
lead;  as  sulphide  of  lead,  either  alone  or  associated  with  other  metals,  as 


in  Feather-ore,  ZinkeTiite,6oalan^rite,PlaEioiiilo,Janieaonit«,Geocronit«i 
Needie-ore,  KobcllJLe,  Buurtionite,  and  Antimoniul  Copper-glanoe;  w 
tellurite  of  lead,  sometimes  a^sociatcJ  with  other  metals,  as  iu  Foliated 
Tellurium  and  White  Tellurium.  Traces  of  lead  have  been  foniid  in  sea- 
water  (A'.  Ann.  C'/tim.  Phyt.  28,  129);  in  coal  {Ckcm.  Soc.  Qu.  J.  3,  IJ; 
HQd  in  the  blood  of  animals  {Jakruber.  L.  A  K.  I.,  874). 

Preparaiion  on  the  largt  Kate. — 1.  Native  norbonate  of  lead,  or  artt- 
ficially  prepared  lead-oxide,  e.  g.  litliargo,  is  fused  in  a  smelting  or  k 
roverberatory  famace,  in  contact  with  charcoal,  and  often  with  the 
addition  of  lime. — 3,  Galena  ia  freed  from  part  of  its  sulphur  by 
roasting,  either  in  heaps,  or  on  faeartlts,  or  in  calcining  furnaces,  and  the 
roa£ted  ore,  consisting  of  lead,  lead-oxide,  sulphate  of  lead'Oxlde,  and 
ondecomposed  sulphide  of  lead,  is  fused  in  contact  with  charcoal,  and 
generally  with  addition  of  lime,  in  a  smelting  or  a  reTerberatory  fornaee 
— whereby  metallic  lead  and  stags  are  produced,  and  mixed  with 
them,  a  qnantity  of  undccompoeed  galena  {leadtlone),  which  is  again 
roasted  and  fused.  Or  the  nnroasted  galena  is  smelted  in  a  furnace  with 
iron,  iron-cinder,  or  an  ore  of  iron,  whereby  metallic  lead,  elags,  and 

filumbiferons  sulphide  of  iron  are  bbtoined;  tho  latter  is  roastod  and 
oaed  a  second  time. 

The  lead  thus  obtained  from  the  ore,  called  Pig-lead  {WwiAUi), 
frequently  contains  gold  and  siWer,  to  separate  which  it  is  oxidized  on 
cupels,  on  which  tho  gold  and  silver  are  left.  The  lead  oside  thna 
obtained,  called  Litharge  (Bleigliitte),  is  reduced  as  in  (1) — the  procees  ia 
called  the  Jiejining  of  Litmrgs  (dai  Glalte-Friscken) — and  yields  li'Jined 
Lead. 

Purification.' — 1,  Nitrate  of  lead-oxide  purified  by  repeated  crystal- 
lisation is  igaitcd  iu  au  earthen  crucible  to  expel  tho  nitric  acid,  and  the 
resulting  oxide  reduced  by  charcoal. — 2.  Oxalate  of  lead-oxide  ignited 
alone  in  a  covered  crucible  yielde  lead  Jree  from  charcoal.  (Winkelblech.) 
3.  Solution  of  sngar-of-lead  is  precipitated  hy  sulphuric  acid  (in  whi<^ 
process  the  acetic  acid  may  likewise  be  obtained  from  it),  and  the  sulphals 
of  lead-oxide,  after  thorough  washing,  is  strongly  ignited  in  a  covered 
crucible  with  2  At.  charcoal  (Berthier);  132  parts  of  lead-sulpbat4 
intimately  mixed  with  12  parta  of  charcoal  powder.  The  same  result 
may  likewise  he  obtained  by  igniting  at  a  lower  temperature  8  parts  of 
lead-sulphate  with  4  parte  of  potash  and  1  part  of  charcoal, — or,aceordiug 
lo  A.  Werner  {J.pr.  Chem.  13,  Ifll),  16  parts  of  lead-sulphate  with  9 
parts  of  Chili-saltpetre,  4  of  resin,  and  4  of  charcoal  powder,  tUI  the 
mass,  after  deflagration,  yields  no  more  bubbles. 

Propcrtiet. — Crystallizes  in  regular  octohedrons.  Mongez  obtained 
lead,  by  slow  cooling,  in  four-sided  pyramids;  Braunsdorf  (■/.  pr.  Clinn. 
I,  120)  obtained  well-defined  octohedrons;  and  Marx  {Schie.  57,  193),  by 
lowing  a  considerable  quantity  of  melted  lead  to  cool  till  half  of  it 
solidified,  then  making  a  hole  in  the  crust  and  pouring  out  the  still  fluid 
portion,  obtained  it  in  fem-like  forme  similar  to  those  in  which  mil- 
ammoniac  crystallizes.  Specific  gravity  IISOOJ  (Knpffer);  11-352 
-(BrisEon,  Herepath);  11'358  (Morveau);  11-3888  (according  to  Karst«n, 
when  purified  by  method  1);  \\AA5,  when  in  the  utmnsl  altninablo  state 
of  parity  (Horzelius).  According  to  Morrean,  the  density  of  lead  is 
rather  diminished  than  increased  by  hiimmering,  in  consequence  of  the 
formation  of  cracks;  if,  however,  the  metal  is  prevented  from  expiuidinf 


SUBOXIDE  OF  LEAD. 

«  dtbar  side,  its  dvnrity  increnaes  from  1 1  -asS  to  1  i  -38S.  Lead  Is  Boft^ 
Wry  lutigli,  and  mftkes  it  mark  on  paper;  it  timy  easily  be  cut  with  S 
kaih  or  rulle'l  into  plates,  but  not  diuwo  into  thin  wires.  By  repeated 
fiuioD  ia  an  open  vesBel,  it  is  rendered  harder  und  more  brittle,  because 
il  becomes  mixed  with  oxide,  (Carlotis,  Ann.  Chini.  PAija.  44,  103.)  It 
■  fcas  a  bluiflh-jrrcy  colour  and  strong  lustre.  Fuses  at  283^  (Biot),  at  282' 
HNewton),  at  312''  (Horvcau),  at  322^  (Dalton,  Crichton),  at  325'' 
^nJberg),  at  334°  (Kupfler).  Begins  to  volatiUxe  at  a  very  strong  red 
^at,  and  buibt  at  a  white  heat. 

Atomic  UKig/a  (ifZead,  103-3e.  (Berzelius,  Po^j.  19,  300,) 

Compounds  of  Lead. 

Lead  and  Oxvoes. 

A.  Suboxide  of  Lead)  Pb'O. 

Rem^us  when  oxalate  of  Ioad-oKi<le  ia  cantiuosly  hoated  in  a  retort 
from  which  the  air  is  excluded.  (Dulong,  Sekw.  17,  329;  BousBingaiilt, 
Atw.  Ckim.  Phy».  79,  108;  also  J.  pr.  C/tem.  2,  183;  Pelouse,  Ann, 
Ckim.  I'hyt.  78,  108;  also  /,  pr.  Chent.  2.5,  486.)  The  retort  mast 
be  heated  io  ihe  oil-bath  to  a  temperature  not  eTcceding  300%  the  heat 
beini;cootinaed  as  loBgns  any  gas  is  given  off:  the  gas  thus  oTolved  iea 
Buztim  of  1  vol.  oarbonio  oxide  with  3  vol.  carbonic  acid,  excepting 
towards  the  end  of  the  operation,  whoOr  i^  the  heat  be  eomewhat  iucreased 
B  order  to  Gaish  the  deconi position,  the  gns  evolved  becomes  somewhat 
lelicr  in  carbonic  aoid,  (Peloose.)  The  whole  is  Buffered  to  cool  before 
DO  sulwxide  is  removed.  It  forms  a  black  powder,  sometimes  dntl, 
foetioies  having  a  velvety  lustre.  (Pelouze.)  It  contains  no  metallio 
^—~^,  ffl'  mercury  extracts  nothing  from  it,  either  dry  or  under  water. 
Bonwinganlt,  Pelonxo,)  Xeither  doca  it  contain  any  yellow  oxide  of 
Hd;  fur  tlie  aqueous  solution  of  coninian  angar-of-leOid  does  not  extract 
By  leod-oxtdo  from  it  on  boiling,  (Pelouie.)  But  the  suboxide,  when 
ieat«d  (o  dull  redness,  out  of  contact  of  air,  is  resolved  into  agreeniah- 
«Uow  mixture  of  lead  and  the  yellow  oxide.  {Bouasingault,  Pelouze.) 
kft*r  this  treatment,  nierciary  extracts  lend  from  the  siibstauce,  and  a 
oiliog  solution  of  sugar-of-lead  or  acetic  acid  leaves  the  lead  in  the  form 
fa  ueUWurk,  wliich,  when  pressed  together  between  the  fingers,  forms  a 
MM*  man  baring  the  metiillic  lustre.  ^FelouEe.)  When  heated  in  the  air 
I  takes  fire  and  bums  with  &  glimmennfr  light,  proJuctng  103'6  parts  of 
ellow  oxide,  according  to  Boussingnult;  and  from  1036  to  1037 
Doording  to  Pelonze.  Dilute  sulphuric,  nitric,  hydrochloric,  or  acetio 
tid,  resolves  tho  suboxide  into  yellow  oxide  which  combines  with  tbs 
eid,  and  very  finely  divided  metaUic  lead.  (Boussiugault,  Pelouse.)  Tfaa 
kmo  effect  is  produced  by  a  solution  of  mononitrate  of  Icad-oxide ;  a  hot 
Olation,  on  the  contrary,  takes  up  the  whole  of  the  suboxide  and  forms 
ssio  nitrate  of  lead-oxide.  (Peluuze.)  Tho  suboxide,  when  moistened 
ritb  water,  rapidly  absorbs  oxygen  from  the  air,  and  is  converted  into 
bn  white  bydraled  oxide,  tbo  action  being  attended  with  rise  of  tempe- 
Bture,  (Boussingault,  Poiunie.)  A  mixture  of  finely  divided  lead  and 
lllttrg*  Hoea  not  yield  the  same  result.  (Pelouxe.)  Wiukelblech,  by 
nating  oxalate  of  lead-oxide,  obtained  a  greyish-black  powder  which 
mtUuned  ut  most  I  per  cent,  of  oxygen,  and  from  which  mercuir  dis. 
tilrid  laad;  it  iiui  therefore  a  miKturo  of  leiwl  with  a  small  quonuty  of 


tlie  yellow  oxldo.  This  nnomalouH  result  is  attribnied  by  PelnnEe  to  tliQ 
too  great  heat  which  Winkclblech  applied  to  ihe  oxalate.  The  grey  film 
which  forma  oii  the  surface  of  lead  heated  to  &  temperature  short  of  tho 
melting  point,  is  likewise  regarded  by  Uerselius  aa  a  isabozide. 

Calcylalion,  accordia^  to  BaiUBinpult  md  rdouie. 

8Pb  808        96-29 

0 B        371 

WO _ S16       lOO'OO 


B.  LEAD-OxirE.    PbO. 

Proloxidt  of  Lea<},  Yellow  Oxide  <^  Ltad,  Maincol,  Oxiilt  PhnUiiqvt, 
£leiojyd. 

Formation.  1.  Lead  heated  in  the  air  till  it  volatilizee  buma  vith  ft 
white  light,  and  ia  converted  into  this  oxide:  Flovert  of  Lead,  SUxblumen, 
Floret  I'lumbi. — Lead  reduced  in  thin  metallic  lamiDK  by  the  aetiou  of 
hydrogen  gas  at  a  gentle  heat  on  finely  crystalline  lead-oxide,  remaina 
unaltered  in  the  air  at  ordinary  temperatures,  but  takee  (ire  when  heated, 
and  burns  wilh  a  feeble  glow  till  it  ia  converted  into  the  protoxide. 
(Winkelblech.) — Lead,  when  heated  in  the  air,  becomes  covered  with  a 
grey  film,  and,  if  the  surface  be  continually  renewed,  is  wholly  convert«d 
into  Lead-ath  {likiasc/te),  a  yellowieh-grey,  pulverulent  mixtore  of 
metallic  lead  and  yellow  oxide,  which,  if  heated  in  the  air  for  a  longer 
time,  is  wholly  converted  into  the  latter. — 2,  lit  dry  air  at  ordinary 
temperatures  lead  retains  its  lustre;  in  damp  air,  it  becomes  dull,  assum- 
ing first  a  yellowish-brown,  then  a  blue,  and  lastly  a  grey  tint.  (Bonsdorff, 
Fot/i;.  41,  303.)  Under  water  in  an  open  vessel,  leacf  is  converted  into 
the  hydrated  oxide  which  partly  dissolves  in  the  water,  and  by  absorbing 
carbonic  acid  from  tho  air,  is  transformed  into  the  hydrated  carbonate. 
Cuttings  of  lead  placed  in  a  closed  vesaol  with  water  and  air  freed  from 
carbonic  acid,  and  left  at  rest,  form  white  flakes  of  hydrated  lead-oxide, 
and  the  water  becomes  saturated  with  that  oxide.  If  the  vessel  he  shaken 
for  half  an  hour,  no  hydrate  is  formed,  but  the  lead-cuttings  becomo 
covered  wiih  suboxide,  and  in  that  case,  aerated  water  exerts  no  further 
action  upon  them,  even  if  carbonic  acid  be  likewise  present.  (Bonsdorff.) 
When  load  in  contact  with  water  ia  exposed  to  the  open  air,  white  clouds 
of  hydrated  oxide  consisting  of  soft  silky  scales  are  soon  formed.  ( Wetilar, 
Sc/iw.  54,  3S4.)  Platinum  wire  wound  round  the  lead-plate  acceleratea 
the  oxidation.  (Fischer,  Kattn.  Arch.  17,  382.)  These  white  scales  con- 
sist of  hydrated  carbonate  of  lead-oxide;  if  the  access  of  air  is  but  partinl, 
and  consequently  the  process  goes  on  slowly,  the  compound  is  obtained 
in  silky  lawinx.  The  finest  crystals  are  obtained  by  cutting  some  bright 
places  on  a  piece  of  lead  tarnished  by  exposure  to  the  air,  and  then 
immersing  it  in  water;  a  silky  vegetation  then  forms  on  the  bright  porta 
of  the  lead,  and  on  removing  this  formation,  tbe  surface  is  found  to  be 
marked  with  crystalline  devices  (inoir^).  Bmudorff. — In  water  containing 
ft  trace  of  sulphate  of  polash,  nitre,  or  common  salt,  leail  merely  becomes 
^  Inarked  wilh  a  few  isolated  spots;  and  if  the  water  contains  a  larger 
proportion  of  salt,  only  a  slight  tarnishing  is  produced.  (Wetilar.)  In 
Buiiue  solutions,  oxidation  goea  on  more  eluwly  than  in  pure  water,  and 
(lie  resulting  product  is  not  a  loose  powder,  but  a  salt  of  lead  oloaely 


An^aai 


jtiktring  io  th«  enrfuM  cf  tbe  metal.  (Fiselier.)  Nitntei  prevent  tli* 
~^liiw  lurltl'Ulr  only  wlien  they  are  in  Urge  quantity ;  of  other  lalts, 
n»!I  qui^ntitiM  are  sufficient:  tho  purer,  iherofore.  tlio  water,  ttie  moro 
does  It  become  tarbid  by  exposure  to  the  air  in  contaot  with  load- 
aittings.  (Bons.lorff.) — 3,  Lead  decomposea  vaponr  of  water  at  a  white 
beat  and  te  converted  into  the  protoxide.  (Regnanlt,  jlnn.  Ckim.  Pkyt. 
12,  363.)  !t  does  not  decompose  water  at  a  red  heat  (Bonsdorff); 
leither  does  it  decompose  water  acidulated  with  solphuric  acid  at  a  boit- 
Dg  heat;  but  with  boiling  hyJroeliloric  acid  it  evolves  hydrogen  gaa.^ 
I.  With  nitric  acid  and  heated  oil  of  vitriol  it  yielda  a  lead-salt. 

Prrparntiita  on  the  largt  teaU. — 1.  ilastkot  is  obtained  by  heating 
lead  to  low  reilneas  on  a  flat  hearth,  and  continually  removing  the  fllm 
e  it  form?,  till  the  lead-ash  at  first  obtaiued  is,  for  the  moat 
p^rt,  eonverled  into  the  yellow  oxide  ;  the  latter  is  then  freed  from  the 
•lill  remaining  metallic  jiortious  by  grinding  and  levigation. — 2.  Litharge 
U  obtained  in  the  oxidation  of  pig-Uad  cflnlalning  gold  and  silver — the 
nsulting  lead-oxide,  which  is  generally  ooolaminated  with  eilica,  ferrio 
siild,  cnprie  and  cuprous  oxide,  autimonic  oxide,  and  other  oxides,  is 
'laed  by  the  high  temperature,  and  saliditieit  in  a  scaly,  shining  mass, 
raetiines  of  ayellowiBh  tint  (Argyritit,  SUher-giatte),  sometimes  ratlier 
iclining  to  red  {Chri/iitU,  GoUlgliilU).  The  oxides  of  copper  maybe 
nnpletely  removed  by  digesting  the  levi^ted  litharge  with  aqueous 
rfmion  of  carbonate  of  ammonia.  (Bischof,  Sckw.  64,  G5).— The  antU 
KHiic  oxide  is  left  behind  on  dissolving  the  litharge  in  boiling  nitric 
rid,  and  mav  then  be  dissolved  in  hydrochloric  acid.  (Anthon,  Sepert. 
g,  3S7.)_^'The  ditTercnco  between  red  and  yellow  litharge  is  attri- 
m«d  by  Leblanc  {If.  J.  Pharm.  8th  Sept,,  1843)  to  a  mere  diversity  of 
hy*ical  "tructure,  not  of  chemical  composition;  for  either  modiScation 
sy  be  obtained  at  pleasure  by  properly  regulating  the  temperature  and 
i«  rate  of  cooling;  the  red  variety,  which  is  specifically  lighter  than  the 
ellow  and  more  crystalline  substance,  is  formed  most  abundantly  when 
ic  cooling  is  slow,  ff 

Prtparalioti  on  t!i4  tmall  tcalt.  By  gently  igniting  pure  crystalliiied 
itmte,  or  perfectly  pure  carbonate  or  oxalate  of  lead-oxide,  in  a  vessel 
I  which  the  air  has  access. 

JPropertia.  Lead-oxide  appears  to  he  both  dimorphous  and  anior- 
bona.  It  occurs  in  pale  yellow  rhombic  octohedrona  (or  dodei^ho- 
tonat)  and  cubes,  and  a  red  amorphous  powder. — By  the  following  pro- 
saMB,  lead-oxide  may  be  obtained  in  the  crystalline  state:  1.  By  slow 
Doling  after  fusion.  Litharge  when  qjickly  cooled,  solidities  in  a  m;)g?  of 
ryRtalline  scales;  but  the  portion  which  remains  on  the  muffle  some- 
raes  crystallines  in  yellow,  translucent,  six-sided  tables  (Marx);  in 
unnbic  octohcdrons  with  a  distinct  plane  of  cleavage  (Mitscherllch);  in 

mbic  dodecahedrons,  the  angles  of  wliicli  are  indctinite,  in  consequence 
!  curvature  of  the  faces  (Gaultier  de  Claubry  &  Boudaut,  Ann. 
.  Phi/t.).  While  lead  fused  by  the  blowpipe-flame  on  a  cupper  plate 
r  Other  non-reducing  support,  crystallizes  in  scales  on  cooling;  Lnt  from 
e  middle  of  it  there  generally  shoots  out  a  mass,  half  a  line  long,  some- 
Bel  Id  the  form  of  a  triangular  pyramid,  sometimes  in  that  of  a  nearly 
xfoct  rbomboidal  dodecahe<lron,  of  a  Uyacinth-red  tint  while  hot,  liecoin- 
K  atilnhnr-yellow  and  translucent  as  it  cools,  and  opaqite  and  dull  when 

'eotfy  cola.     This  alternate  fusion  and  crystallization  may  lie  repeated 
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sereral  times. — 2.  By  fnsion  with  hydrate  of  pctaeh.  If  1  part  of  \eai- 
oxiije  and  from  4  to  6  of  hydrate  of  pota-sb  be  fuecd  for  a  short  time  in 
»  silver  crucible  at  an  inci|)ieDt  red  heat,  and  the  maas  after  cooling 
eihuuBted  with  water,  the  Icail-oxide  remains  in  the  form  of  cubes  nnd 
aqnare  tiibltjs.  (Bec(|nere!,  Ann.  Ckim.  Pkyi.  51,  105.)— 3.  By  treating 
lead-oxide  with  potash  or  soda-ley.  From  a  solution  of  lead-oxide  in 
soda-Icy,  saturated  while  hot,  placed  in  a  stoppered  bottle,  and  then  left 
to  itself  all  throuE;h  the  winter,  tbe  leod-oxide  crystallizes  in  nuall,  wfait«, 
tmnalucont  rhombic  dodecahedrons.  (Houton-Labtllordiere,  ■/.  Pharm.  3, 
333.)  The  crystals  are  rhombic  octohcdrons,  bavin?  the  same  angles  as 
those  obtained  by  fusion.  (Mitecherlich.)  Strong  boiling  potash-ley  satu- 
rated  wilh  lead-ozide,  yields,  on  cooling,  yellow  scales  similar  to  those  of 
litharge;  if  the  potash-solution  is  less  fully  saturated  with  lead-oside,  or 
if  it  has  deposited  the  excess  of  that  oxide  in  scales,  no  further  deposition 
tnkcs  place  till  after  perfect  cooling,  whereapon  red  scales  are  thrown 
down,  perfectly  soluble  in  acetic  acid,  and  therefore  free  from  miniumj  if 
these  BCftlea  are  heated,  they  turn  yellow  on  cooling.  UeQce  it  appea>tB 
that  litharge  may  have  a  red  colour  without  containing  minium  or  red 
oxide  of  copper,  (Mitacherlich,  J.  p>:  Ghem,.  19,  451.) — Boiling  soda-loy 
of  40^ — 41"  fi,  saturated  with  hydrate  of  lead-oxide,  yields  rose-red 
crystals  of  that  oxide  on  cooling.  These  crystals  yield  an  orange-yelluw 
powder,  similar  to  that  of  litharge.  At  about  400°  tbey  turn  black, 
inorease  in  bulk,  decrepitate  wilh  loss  of  0-1  per  cent,  of  water— and 
when  heated  to  low  redness,  aasame  a  sulphur-yellow  colour  without 
changing  their  form.  While  still  in  the  red  state,  tbey  dissolve,  tboDgh 
very  sparingly,  in  nitric  acid,  either  concentrated  or  dilute.  (Calvert.) — 
If  hydrated  lead-oxide  be  boiled  with  a  <]nantity  of  aqueous  alkali  not 
BUfficient  to  dissolve  it,  the  undissolved  portion  becomes  converted  into 
oryEtalHue  anhydrous  oxide;  tho  resulting  solution  when  evaporated, 
yields  more  cryaUls  of  the  anhydrous  oxide,  distinguished  from  the  for- 
mer portion  by  their  easy  solubility  in  alkalis  even  when  dilute.  (Fremy, 
D.  J.  Pharm.  3,  30.) — 4.  By  precipitating  a  lead-ealt  with  excess  of 
alkali.  Solution  of  sugar-of-Iead  mixed  with  excess  of  ammonia  and 
exposed  to  tbe  sun  for  a  few  daya,  yields  olive-green,  very  hard  crystals 
of  anhydrous  oxide.  (Tiin nermann,  Kaitn.  Arch,  la,  338.)  Behrens 
{S.  J.  Pharm.  4,  18)  supersatnratee  the  sugar-of-lead  solution  with  a 
quantity  of  ammonia  sufficient  to  re-dissolve  tbe  precipitate;  61ters  to 
separate  any  carbonate  of  leod-oxide  that  may  have  been  formc<l;  puta 
the  filtrate  into  a  stoppered  bottle;  and  exposes  it  to  tho  rays  of  the  sun. 
After  a  few  hours,  tcauspareut  crystals  make  their  appearance,  colourless 
at  Brst,  but  afterwards  becoming  yellowish,  and  finally  yellow ish-^rey. 
Their  powder  is  white,  but  assumes  a  dark  brown-red  colour  after  long 
triturj,tion. — 4  measures  of  eugar-of-lead  solution  saturated  at  30°,  mixed 
with  100  measures  of  boiling  water,  and  then  with  4,'i  measures  of  aqueone 
ammonia,  deposit,  in  the  course  of  half  a  minute,  a  large  number  of  very 
delicate,  yeilowiah- white,  rhomboidal  laminae,  having  a  silvery  lustre  and 
united  in  tufts;  these  lamina)  mast  be  separated  by  levigation  from  tbe 
crystalline  granules  of  hydrated  oxide  which  fall  down  at  tbe  same  time, 
tlion  waabed  with  boiling  water,  and  dried  in  vacuo.  When  ignited, 
they  do  not  give  off  any  water — or  only  a  trace  of  it,  with  decrejutation 
— neither  do  thev  lose  their  transparency.  They  may  he  obtained  with- 
out admixture  of  hydrate,  by  boiling  100  measuresof  a  saturated  solution 
of  tria-acctato  of  lead-oxide  with  50  measures  of  water,  adding  thereto  a 
mixture  of  50  measures  of  wafor  at  80",  and  8  measures  of  aqueous 
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i,  ftsd  healing  tbe  mixtare  in  tba  watcr-bHtb.  In  tbs  course  of  ^ 
tiaubi,  oryetals  of  tbe  oxide  separate,  free  from  IjyJrate,  tlie  formation 
pf  the  latt«r  being  provenled  by  the  Ligb  temperutare.  (I'ayen,  Ann. 
aiw.  Piyt.  66,54;  rUo  J.  pr.  CAm.  13,  485,)— By  mixing  at  a  boiling 
leM  ibe  solations  of  1  At.  sugar-of-lead  and  I^  At.  potash  ia  a  tenfoid 
[nanlity  of  waler,  the  oxido  is  obtained  in  delicate  redd ieb-ycl low 
naglM  baving  tbe  metallic  luetro.  (Winkelblccb.)  If  solution  of  eugai^ 
ff'leM  be  dropt,  with  agitation,  into  strong  lime-water  heated  to  SB",  till 
Cryatnllino  scUes  make  their  appearance,  and  a  email  quantity  more  be 
^CD  added,  the  ecales  increase  rapi<U^  in  number  as  tbe  liquid  coola; 
vben  dry,  they  are  yellowish- wbile,  with  a  silvery  lustre,  and  like  talo 
|o  the  toucb:  when  ignited  tbey  turn  red,  without  less  of  weight,  but  on 
volitig  regain  tbeir  original  colour,  shape,  and  lustre.  (Brendecke,  Repert. 
15,  318.) — 5,  By  placing  lead  in  contact  with  air  and  water.  On  the 
itom  of  a  leaden  vessel  filled  with  water,  there  are  first  formed  a  num- 
T  of  white  flakes  of  hydrated  dicarbonale  of  lead-oxide,  then  shining 

Key  crystals  of  anbydrous  oxide,  partly  in  scales  like  mica,  partly  in 
ombic  dodecahedrons  with  cube-faces.  When  heated  they  become 
jlMue  and  orange>colouTed,  but  without  losing  weight  or  lustre.  (Yorke, 
PW-  ^ag-  J-  5,  82.) 

Lead-oxide  is  obtained  in  the  amorphous  state,  by  throwing  tbs 
^(lrat«<l  oxide  into  fused  hydrate  of  soda  and  washing  the  residue,  when 
will,  with  water.  Red  mass,  of  tbe  colour  of  minium,  and  yielding  a 
wddish-yellow  powder;  between  300^  and  400^  it  assumes  a  brown-red 
olonr,  which  it  retains  after  cooling,  hut  if  heated  above  400",  it 
8  sulphur-yellow  on  cooling.  It  is  distinguished  from  the  cryi ' 
"     '      ■■  '        '   '  ■"       ■         ■ '      '"  '      '',  Cm 


sed  red  oxide  by  its  very  ready  solubility  i 
I.) 


acids.  (Calvert,  ■ 
i-yello« 


lompl. 


Leftd-oxide,   in    its  ordinary  stale,    is   cither  i 
^piUish-yellow  powder.     This  may  perhaps   bo  regarded  a 
4  ^e  owde  in  its  yellow  crystallized  state.     It  assumes  a  brown-red 

Kloar  whenever  it  is  heated.  Specific  gravity  92092  (Karsten);  !)'277 
lenpath);    after  fusion,  950  (Boullay).      Lead-oxide  fuses  at  a  red 

xat,  and  on  cooling,  solidifies  in  a  mass  of  crystalline  scales;  according 
Id  Marx,  it  oipands  in  solidifying.  It  docs  not  solidify  to  a  glass  on 
(ooling,  nnleas  it  contains  silica.  (Fucbs,  Sc/iut.  G7,420.)  A  trace  of  silica 
tddcd  to  fused  oxide  of  lead,  renders  it  vitreous.  (Biewend,  J.  pr.  Chan. 
Sd,  2S0.)  A  similar  effect  is  produced  by  fusion  in  an  earthen  crucible. 
Tite  glass  has  a  density  of  801  (Le  Royer  &  Dumas);  it  is  transparent 
■ad  yullow,  or  if  metallic  lead  [or  the  suboxide  1]  bo  present,  green. 

Proust.)     Lead-oxide  volatilizes  at  a  white  beat,  but  less  easily  according 

b  Foumct  (Ann.  Chitn.  Pkyf.  55,  414),  than  metallic  lead.     According  to 

livndecke,  lead-oxide  turns  redclcucd  litmus  blue. 
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litliaifpe,  Imt  the  snlpliiir  b  iK*t  r::.xp!r':*lT  z±jLi»l  nl-^r^.  -^  itii-Tj 

of  litharge  is  25  times  as  2T*a:  ir  ua:  ::   il-^  ul:-'2:i.:'L.?  fi- :•:_•:**- 

1  part  of  antimonious  salpbii-r  aii  C  *  t*-.  1  :-k.-.-=  j----^  -  -  '^-  *-^- 

adeiiM,  black,  verv  fluid  *laj.     '•V,:!  r  ri*  .-:i_:.T-  — -  -  t  ►-.  l*s#i  -^•i 

the  same  slag.    With  10  litLar^-ri — '.  •  .r-iL  -^.ii.  l  --ut  ▼i.-v^  lu*  tt*- 

dnlj  the  composition  of  leai-^c-i::.     '•Vi-.:.  ".r;.  ..-.-^ltt^  — T  _*;Li  li-:  a 

hjacinth-ted  glas9.    With  25«.» LiLirr^ : — 5  *  Ir^i  li.  i  11.1^:=  rr»r'r.-.-:ir 

htharge. — I 'pi.  SuIphUf  •//?.>-••. -^^1  >  "p.._  1  :-:   :*.*  --L:.rr-'    li 

aUoy  of  lead  and  bi«7nnth.  ar.  i  i  '"j,r£  '•t"-V4^.- t-j^-- :-lt  -.lj      "I^'ii 

5"12  Utharge:— 2-4S  aiK.v  a-  i  2  •:-:>-!--. V  jri-.il  .-   •  ir      "".->:.  :  '.  ii 

litharge: — 3*25 allov.  conialnlL.-  ii- '  ;^r  - -- :     :'  .  .--r. -.ti   ki.  -.  »  rr*r^i.>  1  - 

jellow  mass  resem(>lin;;  litLiirj-r. — I  i:.  .?   ':     :'^   ■-'  Z  -  •    h.^-  •-    '•■■i 

4*65  litharge,  forms  a  dourLv  nii-.?.  i- :  -f.-..  -•  14  :  --n-     f  "■  r.TT.T    *xi 

(eontaining  traces  of  zinc  a'::  •/.:..-7    i-i  i  ..:.  "^    -:.-Vi..-i.i  i."  •  i-T 

eontaioing  snlphido  of  l*^-!.     Wl:*:-  .;  .-7  l.::.„7.--  — .  -.  -.r  :•..•:    -l.   k".  : 

a  very  fluid,  olack.  r»pa.^'ie  h\xz.     'V::i  ;:•  ..:-.-.rj'-  — I  ".  \\*r. .-.  .*-l; 

ftad  a  dark-grey  slag.     With  '!'»  Wv^-xrz/t. — *""''  : -r-.-  .-r-i  l*.  :  i  J^    -^ 

ftranslnoent  glass.     NVith  this  r'r::-'r.:  -    •.:'  .'-.Lirj-r.   •.•■.::.  ".jl*  r.-*  ti : 

the  solphor  are  corapletol y  oxiLi»i. — 1  t:.  .^:-'       r  *.  ".■  *.  .>  s.z.1  "^  ;.•--. 

litharge,  yield  semi-ductile  mrUk./l:  '.itlit.  ^■:.--i.i"-r  •■—:■.  i*  1:  .-ai 

•nlphide  of  tin,  and  metallic  ox":  ir-.    Wi:":,  ;i'  i  \-  .  -.:,-.rr^  — >  •.  .^'*i  'a"  i 

a  hyacinth-red  clafs.     With  jU  l::Larj-r: — j  4  Irii    =.- i  4  -.::.*>ir  r.---. 

WithSO..  SOlitharge:— Glea'i  aL'i  a  rfsii-ir /.i.r-.    I;.; r. •..>-•.  4  r/    ',  x    :. 

-Wyt.  39,  244.) 

Ctmbiwaion^,     <i.  With  Water. — x.  //y '"^'^  :' L*^  1-^..'  J*. — Br  i-"  • 
lead,  exposed  to  the  action  of  pure  writer  a-  i    i  liir  f.'*:*  iz'^^  ciro.:.; 


gentle  heat.  (Tunnennann.  Km'n,  Ar  h.  1;«.  '■J-i-:./  Tr^jacfr^jit*:  of  leati- 
oxide  may  also  be  used.  The  ]  r»ciplt'it":  v.\"<  l-':  wa-L':-!  out  of  contact 
of  air,  and  dried  in  vacuo  ai  l.>".  n*.iT«^n.  Aro'.  '.'hiin.  I'h^s*.  CfJ.  4r.«:  air'i 
•/".  pr.  CAtfm.  13,  484.) — 3.  Ky  mixiiiL'  4  mi-a-'ir-r.-  '-f  wa:«:r  isaturat^i  at 
30"  with  sugar^f-lead,  with  400  m^iir-jT'-.-  of  ly>ii!n;f  wat^r.  and  th-:T 
addinff  4  measures  of  aqueous  ammonia.  To:^.-ther  with  the  cry%tah  of  th'; 
anh^rons  oxide  (pp.  110,  111;,  there  are  likewi-?-  'iei»o-;t':d  den-er  crj-'f- 
tallme  grains  of  tlic  hydrate,  whi«'h  may  to*  ftf-parat'-d  by  levi^'ation. 
(Payen.)  To  obtain  larger  crystals,  lOO"  moa??ure3  of  water  saturated 
at  2.5*  with  trisacctite  of  leail-oxide,  and  dil'it-:d  with  fiO  mea^ure-f  of 
water  freed  from  air  by  boilin;:,  arc  mixed  with  4  m'^-aTures  of  ammonia 
dilated  with  60  measures  of  water  also  freed  from  air  by  iK^iling  and 
then  cooled,  and  the  mixture  kept  for  .some  tinio  at  a  temperature 
of  30°.      The  crystallization   be<;inr;   in    an   liour.   and   is   finii-hr'd   in 


added  to  nitrate  or  acetate  of  Icad-oxidc,  even  when  in  excess  and  aided 
by  heat,  does  not  precipitate  the  hydrate<l  oxiile,  hut  a  basic  salt 

Hydrated  lead-oxide  is  a  white  powder.     When  examined  by  the 
micnMcope,  it  is  seen  to  consist  (\)  of  transparent  and  colourless  four-sided 

Dytha  union  ol 

foar^ided  summits! 
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DteompotUioni.  1,  IiCJul-exiJe  ■■  redaceil  to  tlie  nietalllo  itiit^  by 
elmrooal  (rtrj  etuily,  and  with  indiTn^aceDco  on  cbarcofti  before  the 
blowpipe),  by  carbonio  oxide  and  by  hydrogen  at  a  low  rad  beat.  Thg 
cryatiillino  oxide  obtained  by  }>recipitating  a  hot  sugar-of-lead  solutioa 
wilh  potash  is  reduced  by  carbouio  oxide  or  Wdrngen  gas  at  a  tempera- 
tare  not  much  above  100"'.  (Winkelblecb.)  Hydrogen  gaa  first  produces 
the  dark  grey  suboxide,  afterwards,  at  a  low  red  heat,  metullic  lead. 

iBersetius.)  The  reduction  of  lead-oxide  at  a  strong  red  heat  in  crucibles 
N.  Gehl.  4,  98}  ia  due  to  the  action  of  carbonic  oxide  gas  which  pene- 
trates the  crucibles.  By  pota.«Hiiini  and  Eodloni,  at  temperatures  some- 
what below  the  melting  points  of  these  metals,  letid-oxide  is  reduced, 
with  vivid  ignition,  to  the  metallic  state.  By  antimony,  to  the  metallic 
state.  By  cyanide  of  potassium,  to  cyanat^  of  potash  and  metallic  lead 
(Liebig.) — 2,  By  beating  with  sulphur,  leiui-oxide  is  converted  into 
snIphurouB  acid  aud  a  mixture  of  oxide  and  sulphido  of  lead. — 3.  By 
chlorine-water,  into  peroxide  anil  chloride  of  lead:  2PbO-l'Cl=FfaO'-|- 
PbCl.  Similarly  by  bromine.  (Lbwig.) — 4.  Lead-oxide  fused  in  excess 
with  metallic  suipliidea,  sometimea  decomposes  them  with  formation  of  a 
sulphate,  as  with  barium;  sometimes  with  evolution  of  sulphurous  acid, 

05  iu  the  case  of  the  heavy  metals,  The  roetat  of  the  me^llic  sulphide 
either  unites  directly  with  the  lead,  or  it  is  converted  into  oxide,  and 
fuses  together  with  a  portion  of  the  leail-oxide,  while  pure  lead  separates 
out;  with  a  smaller  quantity  of  lead-oxide,  sulpliido  of  lead  is  produced 
u  well  US  the  metn.1,  while  part  of  the  other  metallic  snlpbide  remains 
undecomposed,  and  fuses  into  a  nlag  with  the  metallic  oxide  produced 
and  Ihe  excess  of  lead-oxide.  (Hertliier.) — \  pt.  Sufphide  of  Barium  and 
2  to  4  pts,  litharge  vicld  without  fusion  a  black  slag,  consisting  of  baryta 
and  lead'Oxide,  which  may  he  extracted  by  acetic  acid,  and  likewise  of 
sulphate  of  baryta,  sulphide  of  lead,  and  metallic  lead.  With  30  pis. 
litharge,  the  sulpbur  is  completely  oxidized,  and  forms  sulphate  of 
barvta. — 1  pt.  Sulphide  c/  Matiganett,  with  4  pts.  litharge,  evolves 
witliout  fusion  a  large  quantity  vf  sulphurous  acid,  and  yields  a  black 
slag,  the  lower  part  of  which  contains  lead  and  sulphide  of  lead.     With 

6  pts.  litharge,  the  mass  becomes  soft  and  doughy,  and  a  brown  slag  is 
formed,  still  containing  a  large  quantity  of  sulphide  of  manganese,  with 
separation  of  35  parts  of  brittle  lead.  With  20  parts  of  litharge,  the 
mixture  fuses  readily,  and  yield*  a  hyacinth-red  glass,  together  with  fl'8 
parts  of  ductile  lead.  With  30  parts  of  litharge,  6-6  parts  of  lead  sepa- 
rate out  (consequently  the  snlphide  of  manganese  is  perfectly  oxidiied), 
and  above  it  a  brown-red  glass. — Tertftfphide  of  arsenic  yields  veir 
fusible  mixtures  with  litharge;  but  unless  the  quantity  of  litharge  equab 
from  '20  to  30  times  that  of  the  orpiment,  only  a  part  of  the  sulphur  is 
volatilized  in  the  form  of  sulphuious  acid :  52  parts  of  orpiment  and  279 
of  litharge  yield,  without  sepuration  of  lead,  a  black  mass,  having  the 
metallic  lustre  and  a  granular  fracture.  With  558  pta.  litharge,  a  similar 
slag  is  formed,  and  below  it  40  parts  of  ductile  lead  free  from  arsenic. 
With  1023  pts.  iilharce,  the  separated  lead  amounts  to  300  parts,  and 
the  slog  is  dense,  black,  and  shiuing.  With  1302  pts.  litharge,  360  pta. 
I*>"u)  ue  obtained,  together  with  a  brown-black,  translucent  sfag.     With 

^.  litharge;  450  pts.  leacl  and  a  hyacinth-red  glaea,     With  ISRO 

•vo:  470  pts.  leiid,  and  a  pale  hyoclnth-rcd  glass.     But  it  is 

the  qnnjitity  of  lead-ojtlde  amounts  to  3120  parts,  that  the  slag 

Hh&rge  in  appearance,  and  is  perfectly  free  from  eulphide  of 

tiwtphide  of  Aminony  has  a  strong  tendency  to  fuse  with 


i,r.\D-f>xiiir:. 


rju&ntity  ^^H 
siiltiliide.  ^H 
leail  and       ^1 


£diftrg«,  but  Iho  gnlphar  is  not  completely  oxi<Iize<l  nnlesa  tbe 
«t  UUiargi^  U  23  times  !\a  great  ae  Ciiat  of  tbe  antitnoiiiouG  sulj 
I  part  of  antimonioua  enlpliide  and  3'8  pt^.  litLarge  yield  0-2  lea< 
K  deiiise,  blfick,  very  fiiiid  glag.  With  6  ms.  litharge: — 00  pts.  lead  with 
(lie  same  ilag.  Witb  10  lUTiorge: — 1-6  letul,  with  a  ela^  which  has  pre- 
cisely the  composition  of  lead-scum.  AVitL  140  litharge: — 5  load  and  a 
liyact  nth-red  glass.  With  250  litharge: — 5"  lead  and  a  mass  resembling 
litharge. — 1  pL  SnlphiJe  «f  BUnmth,  yields  with  2'56  ])t3.  litharge,  an 
alloy  of  lead  and  bianntb,  and  a  black  crystalline-granular  slag.  With 
5-12  litharge: — 248  alloy  and  a  dark-grey  granukr  slag.  Witb  10'24 
litharge: — 3'23  alloy,  containing  S4-S  per  cent,  of  bismuth,  andagrceniah- 
yellow  ma«B  reaembliiig  litharge. — 1  pt.  Sulphide  of  Zinc  UiUnde)  with 
1-05  litharge,  forms  a  dougby  tnasi,  an4  yields  2'4  parts  of  brittle  lead 
{ountaining  traces  of  zinc  and  sulphur)  and  a  black,  motal'shining  slag 
containing  anlphide  of  lead.  With  G-!>7  litharge: — 2-9()  brittle  lead,  and 
a  very  flnid,  black,  opaqne  Blag.  With  10  litharge: — 4*3  ductile  lead 
Bad  ft  dark-grey  slag.  With  2.^  litharge: — e'5  pure  lead  and  a  yellow 
tniulaoent  glass.  With  this  proportion  of  litharge,  both  the  zinc  and 
be  aolphur  are  completely  oxidated.~l  pt.  Stannic  Sulphide  and  5  pta. 
itioTS^  yield  ^emi-ductilo  metallic  lumps,  containing  sulphide  of  lead, 
■tphide  of  tin,  and  metallic  oxidea.  Witb  12  pts.  litharge: — 3'G  lead  and 
I  hyneinth-red  glass.  With  20  litharge:— 54  lead  and  a  similar  glass. 
Witti  30..  50  litharge: — 6  lead  and  a  similar  gloss.  (Bortbier,  Ann.  CUim. 
Pkft.  39,  244.) 

Cvmbinationi.     a.  With  Water. — x.  Ilyilrale  of  Lead-oxiJe. — Bright 

1,  exposed  to  the  nation  of  pore  water  and  of  air  free  from  carbonic 

id,  forma  white  itakea  of  hydrate.  (Bonsdorfl.) — 2.  The  hydrate  may 

pnpored  by  drojiping  sugar-of-lead  solution  into  excess  of  ammonia 

,  the  precipitate  becomes  permanent,  then  washing  it  and  drying  at  a 

Itle  heat.  (Tiionermann,  Kattn.  Arch.  10,  338.)     Trisacetate  of  lead- 

ld9  may  also  be  used.     The  precipitate  must  be  washed  out  of  contact 

Mr,  and  dried  in  vacuo  at  13"'.  (I'ayen,  Ann.  Chim.  Phyi.  66,  49;  alao 

'i  pr.  C/umi.  13,  484.) — 3.  By  mixing  4  measures  of  water  satnrat«d  at 

'"'  with  eugar-of-lead,  with  400  measures  of  boiling  water,  and  then 

.Jiiie4  measnres  of  aqneona  ammonia.     Toeetherwith  the  crystals  of  tho 

ihydroQa  oxide  (pp.  110,  111),  there  are  likewise  deposited  denser  crys- 

"■He  grains  of  the  hydrate,  which  may  be  separated   hy  lovigafion. 

Vn.)     To  obtain  larger  crystals,   100  measures  of  water  saturated 

.V  with  trivacctato  of  lead-oxide,  and  diluted  with  60  measures  of 

rr  freed  from  air  by  boiling,  arc  mixed  with  4  measures  of  ammonia 

«d  -with  60  measures  of  water  also  freed  from  air  by  boiling  and 

oooled,  and  the   mixlnre  kept   for  some   time  at  a  tempemturo 

10°.      The  crystallization   begins  in    an   hour,   and   is   finished   in 

houn.  (Payen.) — 5.   By  procij'itating  sugar-of-Iead,  or  some  other 

1-wlt,  with  potash  or  soda.   (Mitscherlich.)      Mulder  (J.  pi:  Chtm. 

.  79),  after  pouring  off  the  liquid,  boils  the  precipitate  for  some  time 

Ith  potash,  and  dries  it  at  100°,     According  to  Winkelblecb,  potash 

"  led  to  nitrate  or  acetate  of  lead-oxide,  even  when  in  excosa  and  aided 

b^ftt,  does  not  precipitate  tho  hydrated  oxide,  but  a  basic  salt. 

Hydmtcd  Icad-oxidc  is  a  white  powder.     When  examined  by  the 

srowope,  it  is  seen  to  consist  (1)  of  transparent  and  oolourlcas  four-sided 

■u)— or,  if  precipitated  from  the  Iriaacetato — of  little  stars  formed 

tiie  union  uf  fonr  octohedrona;  (2)   of  tiliort,  four-sided  prisma  with 

r-eidedanmmita;   (3)  of  ri-gnlnr  oetohedroos.  (Payen.)     The  hydrate 


turnn  reddened  litmiiM-pftper  blup.  (B«n«llas,  7*o^.  25,  398.)  It  TOtains 
it^  water  and  ita  colour  at  temporatnrea  somewhat  obore  100^.  (Miu> 
ch«rlich.)  According  to  Tiinnemiann,  it  actjoire^  a  brownieh-yeUuw  tint 
at  a  tcnipeisture  lielow  100^,  At  130'  it  begins  to  give  off  ita  w&ter, 
and  at  142"  the  wfaol^  of  tbe  water  escapes,  quite  A«e  fron  a(?etic  acid, 
pure  oxide  being  left  bebind.  (Payen,  J.  pr.  Chem.  17,  197.)  It  is 
dehydrated  by  boiling  with  strong  potaab-Iey.  (Bbttger.) 

TuDnenDum.  MiUchalicIi.  Faren.        MnUar. 

(-2)                 (5)  (2-.)                (5) 

3PbO a36    „    9:-39     ....    9607     .„     96-5     ....  97-35  ...    97-31 

HO    9    ...,       281     ....      3-93     .-.      3-5     ....  2-6S  ....       2-69 


3PbO,HO         346    ....  100-00     ....  100-BO    ....  lOO-O    „..  lOOiW    .„  lOOOO 

IT  Scbaffacr  (Ann.  Pharm.  51,  175),  b^  precipitating  acetate  of  I«ad- 
oxide  witb  pntash,  obtained  a  hydrated  oxide  containing  96'40  lend-oude 
and  3'60  water,  corresponding  to  the  fonnnla,  2PhO  +  HO.  1" 

(9,  A  qjteout  Solution  of  Ltad-oxidt. — 1.  Clean  lead  in  contact  with 
water  and  air  free  from  carbonic  acid,  yieldt  a  sulutioD  of  lead-oxide 
which  turnx  reddened  litmua  blue,  giTea  a  &unt  red  tint  to  tunncric,  ia 
tiirood  brown  by  sulphuretted  hydrogen,  and  gircs  while  precipitate* 
with  aulphuric  acid  and  with  several  aalts.  Water  freed  from  air  by 
boiliug  does  not  dissolve  lead  when  kept  in  contact  with  it  in  a  close 
veseel;  water  which  has  been  agitated  with  air  becomes  charged  witii 
tead-oxide  in  the  course  of  two  hours,  the  quantity  dissolred  tunounting 
to  between  ^^^a6  end  ,,^jn:  it  then  slightly  reddens  turmeric,  and  turn* 
reddened  liUnna  blue;  becamea  turbid  when  shaken  up  in  a  half-fillef 
bottle,  or  when  boiled;  yields  lead  at  the  negative  and  peroxide  at  tha 
positive  pole  when  acted  upon  by  the  electric  current;  gives  a  brownish- 
black  precipitate  with  bydrosulphuric  acid;  beconie^  turbid  immediately 
witb  carbonic  acid  (the  turbidity,  however,  disappearing  when  the  acid  is 
in  excess),  or  with  sulphuric  aciil,  or  acid  snlphale  of  potash  or  sodaj  more 
slowly  with  the  neutral  salpbates;  becomes  turbid  when  mixed  with 
sulphate  of  lime  or  common  salt,  and  slowly  with  nitre;  forms  with 
iodide  of  potassinm  a  white  cloud,  which  tnma  yellow  on  the  addition  of 
a  small  quantity  of  very  dilute  bydrochloric  acid,  together  with  &  yellow 
precipitate;  with  chroniate  of  potash,  it  forms  a  yellow  precipitate  on 
the  addition  of  acetit^  acid.  Spring-water  of  tolerable  purity,  two  pounds 
of  which  contain  only  1 1  grains  of  salts  and  no  carbonia  acid,  likewisSi 
when  passed  throagh  a  leaden  tube  150  feet  long,  dissolves  a  quantity  uf 
lead  Butficient  to  give  a  brown  colour  witb  hydrotiulphuric  acid.  If  » 
bright  iron  nail  be  driven  through  a  leaden  plate,  and  the  whole  immersed 
in  water  containing  air,  a  white  crystalline  substance  funut)  on  tbe  lead, 
and  the  water  becomes  charged  with  lead-oxide,  while  the  nail  does  not  rust 
at  all  in  the  immediate  neigbbourhood  of  the  lead,  and  much  less  on  the 
other  parts  of  its  surface  than  another  nail  immersed  alone  in  the  walefi 
(Ph.  Yorke,  PhU.  Mag.  J.  5,  82 ;  ahstr.  Poffg.  33,  1 10.)  DialiUed  water 
in  contact  with  lead  and  with  air  free  from  carbonic  acid,  dissolves  ^aijn 
lead-oxide,  acquires  an  alkaline  reaction,  and  liecomes  tnrbid  on  exposure 
to  the  air,  in  consequence  of  tlie  formation  of  hydrated  dicarlionato  of 
Iea<l-oxide.  (Bonsdorl)',  Poffii.  41,  306.)  Wetclar  found  that  aerated 
water,  after  being  placed  in  coutaot  with  lead,  gave  a  very  slight  pr&- 


Ink 


oipitate  with  h^drosuljpburic  acid,  hut  no  alkaline  reaction.      J'he  presence 
of  small  quantities  of  carbonic  acid,  sulphuric  acid,  or  of  various  salts. 
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preTents  tbe  solution  of  tLe  lead-oxide,  or  j^reatly  diminishes  the  quantity 
disfloWed:   this  was  first   oWrved   bv  Morveau. — 1    voluuie  of  watJr 
charged  with  -^  vol.  carbonic  acid  gas  dissolves  a  mere  trace  of  It^ad-oxido 
in  the  form  of  carbonate,  which  may  be  detected  by  hydrosulphuric  acid, 
snd  the  lead  remains  quite  brij;ht;  this  water,  after  boiling,  again  exerts 
ft  solvent  action  if  exposed  to  the  air.     Spring- water,  10  pounds  of  whicli 
contain   1'21  gr.  chloride  of  sodium   and  chloride  of  calcium,  together 
with  6'4  gr.  carbonate  of  lime  di.ssolved  in  excess  of  carbonic  acid,  j>ro- 
daces  a  slight  deposit  of  brownish  oxide  on  the  surface  of  the  Irad,  but 
does  not  dissolve  any.  (Yorke.)     When  leail  is  innuersod  in  water  con- 
taining sulphate  of  potash,  common  salt,  or  nitre,  and  ex]>osed  to  the  air, 
the  water  takes  up  a  mere  tnice  of  lead-oxide,  recoguizable  by  hydrosul- 
pboric  acid.  (Wetzlar.)     The  greater   the  purity  of  spring-water,  tho 
greater  is  the  quantity  of  lead  wliich  it  dissolves,  and  the  less  tit  are 
Jeaiden  pipes  for  conducting  it.     Leailen  pipes  should  not  bo  used  for  tho 
porposo  unless  lead  remains  untarnished  after  24  hours'  immersion  in  tho 
water;  they  are  unfit  for  conducting  water  containing  less  than  ^ttVo  ^f 
its  weight  of  salts.     If  the  quantity  of  salts  exceeds  this  limit,  and  tho 
salts  consist  mainly  of  sulphates  and  carbonates,  leaden  pipes  may  bo 
used;  but  if  they  consist  chiefly  of  chlorides,  even  1  j>art  in  4000  is  not 
tnfiicient  to  prevent  the  solution  of  tho  lead.  (Christ ison,  Phil.  May.  J, 
21,  158.) — 2.  Lead-oxide  dis.solves  in  water,  forming  the  same  solution. 
Scheele  {OpuiC.  2,  283),  by  placing  litharge  in  water  contained  in  closed 
vessels,  and  agitating  occasionally  for  several  days,  obtained  a  solution 
which  gave  precipitates  with  carbonic  and  sulphuric  acid.     Lead-oxido 
obtainefl  by  igniting  the  nitrate,  yields,  when  shaken  up  with  water,  a 
nitrate  which  has  a  faint,  sweetish-bitter  taste,  turns  red(lene<l  litmus 
blue,  and  is  rendered  turbid  by  carbonic  acid,  sulphuric  acid,  suljihates, 
common  salt,  and  nitre;   these  re-agents,  however,  leave  a  portion  of 
lead-oxide  in  solution,  for  tho  filtrate  turns  brown  when  treated  with 
hydros ulphuric  acid.  (Wetzlar,  Schw.  54,  324.) 

The  solubility  of  pure  lead-oxide  in  water  is  denied  by  Tiinnermaiin 
[Kastn,  Arch.  19,  33K),  Brendecke  {lUperl,  53,  l.)5,  and  313),  Siebohl 
{Uepert.  53,  174),  and  Herberger  (Ihpert,  55,  5o).  The  discrepancy 
between  the  results  obtained  bv  these  observers  and  those  alreadv  iriven, 
appears  to  arise  from  their  having  goiK-rally  left  the  water  which  they 
placed  in  contact  with  lead,  its  oxide,  or  itn  hydratod  oxide,  fiedy 
exposetl  to  the  air,  and  likewise  to  their  having  somi;tini(?s  strained 
through  double  or  quadruple  filters  exposed  to  the  air  all  tlic  time.  Under 
th&«e  circumstances,  the  lead-oxide  dissolved  in  the  first  instance,  may  have 
been  precipitated  by  the  carbonic  acid  in  the  air. 

h.  With  Acids,  forming  the  Salts  op  Li:.vi)-(>xri)F,  or  Le.vd  salts. — 
Lead'Oxido  has  a  considerable  aflinity  for  acids.  Lead-salts  aro  colourless, 
nnlesii  they  contain  a  coloure<l  acid,  and  of  groat  specific  gravity.  Tlioso 
which  are  soluble  in  water  have  a  sweet  a^^tringent  taste  and  redden 
litmus.  They  sustain  a  red  heat  without  alteration,  unles'^  liio  acid  is 
very  volatile  or  decomposible.  W^hen  heated  with  carbonate  of  soda  or 
charcoal  before  tho  blowpipe,  they  yield  a  buttcm  of  lead.  Their 
aqueous  solution  is  precij)itated  in  metallic  dendrites,  forming  the  Lvid- 
tree.  Arbor  Snixirniy  by  zinc,  cadmium,  and  tin,  and  sl<»wly  by  inm.  Tho 
action  of  zinc  and  cadmium. is  immediate  and  complete.  Zinc,  however, 
docs  not  precipitate  lead  from  an  alcoholic  solution  of  sug.ir-of-lead.  Tin 
ceases  to  act  as  soon  as  it  becomes  covered  with  lead;  if  the  nitrate  be 
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the  salt  usod,  etannio  oxide  is  aftcrwartla  precipitated  together  with 
basic  Ditrate  of  lead-oxide.  Iron  gives  a  precipitate  with  lead-acetate* 
(also  with  the  trisacetate,  Payen,  A  tut.  Chim.  Phys,  54,  273),  but  not  till 
after  some  time,  and  on  exposure  to  the  air  the  lead  is  sometimes  preci- 
pitated in  largo  crystals;  on  nitrate  of  lead-oxide,  inm  act«  only  under 
the  same  circumstances  as  on  stannous  salts  (p.  70).  Manganese 
immersed  in  lead-acetato  throws  down  a  brown  powder.  (Fischer,  GUh. 
72,  289;  Pogg.  9,  262;  10,  603.)  The  quantity  of  lead-oxide  in  the 
nitrate  solution  must  be  at  least  equal  to  -^-^jij^i  in  order  to  gire  a 
perceptible  indication  of  reduction  by  zinc.  (Harting.)  Lead-acetate 
dissolved  in  100... 500  parts  of  water,  mixed  with  hydrochloric  acid  and 
kept  from  contact  of  air,  is  not  precipitated  by  copper,  which  only 
contracts  a  few  spots  even  at  a  hoiling  heat;  but  if  the  air  has  access  to 
the  solution,  the  lead  is  precipitated  in  the  form  of  a  black  powder. 
(Reinsch,  J,  pr.  Ghem.  24,   248.)     Phosphurettcd  hydrogen  gas  slowly 

Precipitates    from  lead-salts   a  brown   phosphide   of  lead.    (H.    Rose.) 
[ydrosulphuric  acid  throws  down  black  sulphide  of  lead,  or  if  the  lead- 
solution  is  very  dilute,  colours  it  brown.     The  limit  of  the  brown  colour- 
ing is  attained,  when  1  part  of  lead-nitrate  is  dissolved  in  100,000  parts 
of  water  (PfafF);  when  1  part  of  lead  (in  the  form  of  nitrate)  is  dissolved 
in  200,000  parts  of  water  (Lassaigne);  when  1  part  of  lead-oxide  (in 
the  form  of  nitrate)   is  dissolved  in  350,000  parts  of  water.   (Harting.) 
If  the  solution  of  the  lead-salt  contains  free  hydrochloric  acid,  the  pre- 
cipitate is  red  or  yellow,  and  a  larger   quantity  of  hydrochloric  acid 
prevents  it  altogether.     A  solution  of  1  part  of  lead-acetate  in  200  parts 
of  water  mixed  with  5  parts  of  hydrochloric  acid  of  specific  gravity 
1*168,  gives,  with  hydrosulphuric  acid,  a  brown  precipitate  which  soon 
turns  black;  with   10  parts  of  hydrochloric   acid,    an  immediate    red 
precipitate  which  soon  turns  brown  and  afterwards  black;  with  20  parts 
of  hydrochloric  acid,  a  cannine-red  precipitate  is  gradually  formed,  which 
retains  its  colour  and  consists  of  sulphide  and  chloride  of  lead;  and  with 
30  to  50  parts  of  hydrochloric  acid,  a  slight  precipitate,  but  only  after 
the  aildition  of  water.  (Reinsch,  Hepert,  56,  183.)     A  solution  of  1  part 
of  lead-acetate  in   112  parts  of  water,  mixed  with  14  parts  of  hydro- 
chloric acid,  gives  a  yellow  precipitate  with  hydrosulphuric  acid.  (Reinsch, 
Jiepcrt,  56,   183.)     Sulj>huretted  hydrogen  water   mixed  with   a   large 
quantity  of   hydrochloric  acid  gives  with   lead-salts   a  red   precipitate 
which  soon  turns  black.  (H.  Rose.)     Paper  saturated  with  a  lea!d-salt 
and  then  thoroughly  dried,  is  not  blackened  by  sulphuretted  hydrogen 
pas.  (Pamell.  J.  pr.  Chan,  26,  190.)     Aqueous  alkaline  hydrosulphates 
likewise  throw  down  from  lead -salts  a  black  precipitate  of  lead-sulphide, 
insoluble  in  excess  of  the  alkaline  hydrosulphatc.     Sulphide  of  cadmium, 
and  likewise  the    hydrated  sulphides  of  manganese,   iron,   cobalt,  and 
nickel,  thn>w  down  sulphide  of  lead  from  lead-salts.  (Anthon.) — Hydriodic 
ai*id  or  iodide  of  potassium  added  to  a  solution  of  a  lead-salt,  not  too 
dilute,  throws  down  orange-yellow  iodide  of  lead,  soluble  in  a  large 
excess  of   iodide  uf  potassium. — Bromide  of  potassium  gives  a  white 
prtH'ipitate  with  leail-salts.  (Boland.)^Hydrochloric  acid  and  its  salts 
priH'ipitate  chloride  of  load  only  from  somewhat  concentrated  solutions; 
the  precipitate  is  a  white  crystalline  powder,  soluble  in  a  large  quantity 
of  water  and  also  in  pot:i^h,     A  solution  containing  1  part  of  lead-nitrate 
in  100  parts  of  water  is  the  most  dilute  in  which  hydrochloric  acid  will 

*  Hy  tho  simple  term  IvaJ^acefafc,  is  to  be  understood  the  neutrai  uceUte,  or  common 
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noduce  a  predpitate.  CPfoff.) — Bromine  colours  lead-salts  yellowifih- 
brown,  and,  even  when  aaded  in  small  quantity,  throws  down  yellowish- 
brown  peroxide  of  lead  [with  bromide?]  on  the  application  of  heat- 
(Simon.)  Chlorine-water  added  in  lar^e  quantities  and  hcatod,  thrown 
down  brown  peroxide  of  lead;  an  aqueous  mixture  of  chlorine  and 
bromine  produces  an  immediate  precipitate.  (Simon.)  Cliloriile  of  t^oda 
prodaces  a  reddish-yellow  precipitate  of  scsquioxidc  of  load,  which,  wlien 
heated,  is  con vertecl  into  the  brown  peroxide.  (Winkelblcch.) — Ammonia 
gives  with  lead-salts  a  white  precipitate,  wliich  is  either  the  hydrated 
oxide  or  a  basic  salt,  and  is  insoluble  in  excoj^s  of  ammonia. — Potash 
throws  down  white  hydrate  of  lead- oxide,  ?olublo  in  a  large  excess  of 
potash,  especially  when  heated. — Carbonate  of  uninionia,  pota^^h,  or  soda 
(the  bicarbonates  with  eflervcsccncc),  tlirow.s  down  white  carbonate  of 
kad-oxide,  insoluble  in  excess  of  the  prcci])itant,  but  soluble  in  caustic 
potash.  A  solution  of  1  part  of  lead  (in  tlie  form  of  nitnito)  in  50,000 
parts  of  water  is  rendered  slightly  milky  by  carbonate  of  soda;  with 
100,000  parts  of  water  a  slight  opalescence  is  produced  after  five  minutes, 
and  with  200,000  parts  of  water,  after  ten  minutes.  (Lassaigne.) — Phos- 
phate of  soda  gives  a  white  precipitate  soluble  in  potash. — Sulphuric 
acid  and  its  salts  throw  down  white,  finely  ])ulverulent  sulpliato  of  lead- 
oxide.  This  precipitate  is  insoluble  in  cold  dilute  acids;  it  is  distin- 
guished from  sulphate  of  baryta  by  the  blackening  which  hyilrosulpliate 
of  ammonia  produces  in  it.  Lead-oxide  i.s  likewise  completely  [precipi- 
tated by  sulphuric  acid  from  a  dilute  solution  containing  excess  of  hydro- 
chloric or  nitric  acid,  provided  the  sulphuric  acid  is  added  in  considerable 
auantity.  (Wackenroder,  Itepcrt.  46,  225.)  1  part  of  lead-oxide  (in  the 
form  of  nitrate)  dissolved  in  20,000  parts  of  water  is  still  plainly  indi- 
cated by  sulphuric  acid  added  in  excess  (Ptiifl*,  Halting,  J,  pr,  C/iem. 
22,  51);  1  part  of  lead  (in  the  form  of  nitrate)  dissolved  in  25,U00  i)arts 
of  water  gives  an  opalescence  with  sulphate  of  soda  after  a  quarter  of  an 
honr.  (Lassaigne,  J.  Chim.  Mtd.  8,  581.) — Chromate  of  potash  gives 
with  lead-salts  a  yellow  precipitate  of  chromate  of  lead-oxide.  This 
precipitate  is  insoluble  in  dilute  nitric  acid;  it  turns  red  when  digested 
with  ammonia;  a  basic  lead-salt  gives  a  yellowish-red  precipitate.  The 
limit  of  the  reaction  is  attained  with  1  part  of  load-oxide  in  the  form 
of  nitrate,  dissolved  in  70,000  parts  of  water.  (Harting.) — Arseniato  of 
soda  throws  down  white  arseniate  of  lead-oxide. — Oxalic  acid  and  alkaline 
oxalates  give  a  white  precipitate  of  oxalate  of  lead-oxide.  The  precipi- 
tation by  alkaline  oxalates  takes  place  even  in  a  solution  ililntcd  100,000 
times.  (Pfaff.)  Oxalic  acid  gives  a  precipitate,  even  in  solutions  con- 
taining excess  of  acid,  provi<led  they  are  dilute.  (Wackenroder.) — Tinc- 
ture of  galls  forms  a  .straw-yellow,  and  ferroeyanidc  of  j>otassluni  a  white 
precipitate.  With  1  pt.  in  8000.  (Pfaif. ) — Ihon.atc  and  chlorate  of 
potash,  and  likewise  ferrieyanide  of  potassium  ^ive  no  j)ieci]»itate  with 
Icad-s&lts. — Those  lead- salts  which  are  insoluble  in  water  dissolve,  for  the 
most  part,  in  nitric  acid.  The  carbonate,  jdio.^phate,  and  su]])hate  are 
likewise  soluble  in  a  cohl  dilute  solution  of  sal-ammoniac.  (Brett.) 

c.  With  certain  Salifiable  Bases.  The  compounds  prei>ared  in  the 
dry  way  have  sometimes  a  vitreous  api>eaiance.  From  the  aqueous 
solutions  of  the  compounds  of  lead-oxide  with  the  alkalis,  zinc  throws 
down  the  lead  in  the  metallic  state.  These  compounds  may  be  called 
PlumhiUs, 

d.  With  Chloride  of  Lead. 

e.  With  Resin,  Starch,  Gum,  Sugar,  and  certain  other  non-acid 
organic  substances. 
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B.  Red  Oxide  op  Lead.     Pb»0*=2PbO,  PbO». 

Hed  Lead,  Jllhuuin,  Blrih}fpero.rydul ,  Beuioxyde  de  Plomh. — Formor 
Hon. — 1.  By  keeping  the  protoxiile  at  .a  dull  red  lieat  for  a  considerable 
time  in  tbe  air.  Rod  lead  is  likewise  produced — after  previous  formatiou 
of  liydratetl  and  aqueous  lead-oxide,  and  liydrated  dicarbonate  of  lead- 
oxide — when  lead-sliavinpfs  arc  strewn  upon  water,  the  vessel  being 
loosely  covered  and  then  sot  aside  for  some  months;  the  formation  takes 
place  princi])ally  on  those  surfaces  of  the  lead  which  are  exposed  to  the 
air.  In  a  similar  manner,  drawin;;s  made  with  lead  turn  red  in  the 
course  of  twenty  years,  (v.  Bonsdorff.) 

Prcpnvation  on  the  lanje  scale, — Finely  pounded  massicot  (or  litharge) 
is  heated  for  24  hours  or  more,  either  on  the  flat  hearth  of  a  reverberatory 
funia<re,  or  in  ves-els  lying  horizontally  and  having  wide  mouths  projecting 
from  the  sido-openings  of  tlie  furnace,  the  mass  being  frequently  stirred 
and  the  heat  not  allowed  to  rise  above  dull  redness.  Litharge  is  too 
dense  for  tlio  purpose  and  oxidizes  but  very  imperfectly;  massicot  like- 
wise, even  after  eight  firings,  each  continued  for  24  hours,  is  far  from 
being  completely  converted  into  red  lead;  the  softer  oxide  obtained  by 
heating  white  lead,  oxidizes  much  more  quickly  and  completely.  Red 
lead  prepared  from  massicot  by  one  firing  of  24  hours  contains  8*26  p.  c. 
oxygen,  and  when  ignited  yields  1*17  p.  c.  oxygen  gas;  it  contains  50 
per  cent,  of  real  minium,  and  when  treated  with  nitric  acid  yields  17*4  i)er 
cent,  of  brown  i>eroxido  of  lead.  After  2  firings,  these  quantities  become 
respectively:  8-.30;  122;  521  and  18-2;— after  3  firings:  8*43;  136; 
58-1  and  20-3;— after  4  firings:  856;  1-50;  64-1  and  22-4;— after  5 
firings:  861;  1*05;  6G2  and  23-1;— and  after  8  firings:  879;  175; 
74*8  ami  26 '0.  On  the  other  hand,  minium  prepared  from  white  lead  by 
3  firings  contains  9-24  per  cent,  of  oxygen,  gives  off*  2*23  per  cent,  of 
oxygon  gas,  contains  95  3  per  cent,  real  minium,  and  when  treated  with 
nitric  acid,  yields  33*2  j>er  cent,  peroxide  of  lead.  If  the  minium  thus 
prepared  be  modorately  heated  in  a  current  of  oxygen  gas,  it  afterwards 
evolves  2*40  jKJr  cent,  of  oxygen  ou  ignition.  (Dumas,  Ann,  Chim,  Phys, 
49,  398.) 

To  free  commercial  red  lead  from  the  yellow  oxide  mixed  with  it, 
Dumas  digests  it  repeatedly  with  solution  of  lead-ucetate;  Berzelius  and 
Dalt(m  recommend  treatment  with  cold,  very  dilute  acetic  acid;  Phillips 
recommends  144  pts.  at  most,  of  strong  acetic  acid  diluted  with  a  large 
quantity  of  water  to  100  of  minium,  inasmuch  as  if  more  acid  bo  used, 
the  brown  peroxide  is  likewise  formed.  According  to  Dumas,  however, 
peroxide  of  lead  is  always  formed  in  the  purification  of  minium,  before 
the  whole  of  the  free  protoxide  is  extracted^  oven  when  the  dilutest 
acetic  acid  is  cmploye<l. 

Commercial  rod  lead  likewise  contains  all  the  foreign  metallic  oxides 
— such  as  the  oxides  of  coj)per,  iron  and  silver — with  which  the  massicot 
or  litharge  used  in  preparing  it  is  contaminated. — Red  lead  is  likewise 
often  a<lultcrated  with  oxide  of  iron,  red  bole  or  brick-dust;  these  sub- 
stances remain  undissolved  when  the  red  lead  is  digestc<l  in  warm  dilute 
nitric  acid  to  which  a  little  sugar  has  been  added;  boiling  hydrochloric 
acid  extract*  sosquioxide  of  iron  from  the  residue.  When  red  lead  thus 
adulterated  is  ignited,  there  remains  a  mixture  of  yellow  lead-oxide  and 
the  rod  substances  that  have  1>ecn  added  to  it. 
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On  the  nuJl  seale,  red  lead  may  be  obtained  by  the  following  pro- 
. — 1.  When  4  parts  of  lead-oxide  prepared  bj  igniting  white  lead 
are  heated  in  a  silver  or  platinum  crucible  with  1  part  of  chlorate  of 
potash  and  8  parts  of  nitre  (the  latter  acting  as  a  flux  and  thereby  saving 
the  chlorate),  brown  peroxide  of  lead  is  first  obtained ;  but  this,  when 
further  heated  to  dull  redness,  is  conyerted,  with  intumescence  and  thick- 
ening of  the  mass,  into  red  lead.  As  soon  as  the  red  lead  begins  to 
decompose  at  the  edge  of  the  crucible,  the  mass  is  suffered  to  cool,  and 
the  red  lead  well  boiled  with  water  containing  potash. — 2.  By  boiling 
peroxide  of  lead  with  aqueous  plum  bate  of  potash,  or  1  part  of  the  per- 
oxide with  5  parts  of  lead-nitrate  and  a  quantity  of  aqueous  potash  or 
soda  sufficient  to  re-dissolvc  the  hydrate  of  lead-oxide  first  precipitated, 
till  a  brown-red  mixture  of  minium  with  a  small  quantity  of  the  peroxide 
is  produced,  and  digesting  this  mixture,  after  washing,  with  oxalic  acid, 
which  decomposes  the  peroxide  without  acting  on  the  minium.  [The 
product  may  contain  oxalate.1  The  minium  obtained  by  this  process  is 
rather  dark-coloured,  but  it  becomes  brighter  when  rubbed  up  with 
water;  it  has  the  same  composition  as  that  which  is  obtained  by  the 
ordinary  method.  (Level,  Ann,  Chim,  Phys.  75,  108;  also,  J,  pr.  Uhewut 
22,  38.) 

Scarlet,  crystalline-granular  powder ;  when  heated,  it  first  assumes  a 
finer  red  colour,  and  then  turns  violet.  Specific  gravity  8*62  (Karsten), 
8'94  (Mnschenbroek),  0*082  (Herapath). 

Thomson.     Berzelius.        Dumai.     Vauqueliiu 

3Pb    312    ....      90-7      ....      88      ....      90      ....      90'63      ....      91 

40 32    ....        9-3      ....      12      ....       10      ....        9*37      ....        9 

PbH>* 344  ....  1000   ....  100   ....  100   ....  lOO'OO   ....  100 

Or:  Or: 

2PbO  224        ....        6512  PbO 112        ....        32*56 

PbO«  120        ....        34-88  PWOS 232        ....         67*44 

2PbO,PbO'....     344         Z       10000  PbOjPb^O'....     344         Z       10000 

Deeampositiong.  1.  By  rather  strong  ignition,  it  is  resolved  into 
yellow  lead-oxide  and  (2*4  p.  c:  Dumas)  of  oxygen  gas. — 2.  By  many 
oziilizable  bodies,  at  various  temperatures,  it  is  reduced  to  the  yellow 
oxide.  Aqueous  sulphurous  and  hyponitric  acid  at  ordinary  tempera- 
tures, convert  it  respectively  into  sulphate  and  nitrate  of  lead-oxide; 
sulphurous  acid  acts  very  slowly  in  the  cold,  but  rapidly  on  the  application 
of  heat.  Protochloride  of  tin  converts  it,  with  a  rise  of  temperature  of  13**, 
into  chloride  of  lead  and  stannic  oxide.  (A.  Vogel,  Kastn.  Arch,,  23,  84.) 
It  is  likewise  reduced  by  boiling  with  a  solution  of  sugar.---3.  With 
heated  oil  of  vitriol,  it  yields  sulphate  of  lead-oxide  and  oxygen  gas.— 
4.  With  nitric  acid,  dilute  sulphuric  acid,  and  likewise  by  weaker  acids, 
such  as  acetic  acid,  it  yields  peroxide  of  lead  and  a  salt  of  the  protoxide. 
(Berzelius.)  With  a  small  quantity  of  strong  acetic  acid,  red  lead  forms 
a  white  mass,  which  dissolves  in  a  large  quantity  of  the  acid,'  forming  a 
colourless  liquid,  from  which  peroxide  of  lead  is  gradually  deposited. 
(Berzelius.)  By  treating  common  red  lead  with  dilute  nitric  acid  at  ordinary 
temperatures,  Longchamp  (Ann,  Chim,  Fhyi.  84,  105)  obtained  16*66 
per  cent,  of  peroxide,  and  at  80^,  16*2  p.  c. ;  from  minium  crystallized 
in  fine  laminsd,  Houton-Labillardiere,  by  treating  it  with  nitric  acid, 
obtained  25  per  cent,  of  peroxide;  Phillips  (Phil.  Mag,  J.  3,.  125)  by 
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heating  commercial  minium  with  dilute  nitric  acid  obtained  24*8  p.  c. 
and  by  boiling  it  with  moderately  strong  acetic  acid,  25*8  p.  c.  of  per- 
oxide ;  but  minium  previously  purified  by  cold  dilute  acetic  acid  yielded 
with  nitric  acid,  34  per  cent.  (For  Dumas*  results,  vid.  p.  119.)  By 
heating  with  nitric  acid,  a  portion  of  the  brown  oxide  is  decomposed 
and  partly  dissolved,   forming  a   violet-coloured  solution.   (Level.)  — 

5.  By  a  small  quantity  of  hydrochloric  acid,  red  lead  is  converted  into 
chloride  of  lead,  peroxide  of  lead,  and  water  : 

PbH><  +  2HC1  =  2PbCl  +  Pb02  +  2H0. 

By  a  larger  quantity  of  hydrochloric  acid,  into  chloride  of  lead^  chlorine 
gas  and  water : 

IVCM  +  4HC1  =  3PbCl  +  CI  +  4H0. 

6.  By  chlorine-water^  into  chloride  and  peroxide  of  lead  : 

Pb»0*  +  a  =  Pba  +  2Pb02. 

Similarly  with  bromine- water.  (Lowig.) — Minium  is  not  decomposed  by 
mercuroua  nitrate  or  oxalic  acid.  (Level.) 

C.  ISes(£uioxide  of  Ltadi    Pb*0'. 

Chloride  of  soda  throws  down  from  lead-salts,  a  reddish-yellow  mixture 
of  sesquioxide  and  chloride  of  lead,  which,  if  warmed  or  left  to  stand  for 
some  time,  turns  brown  from  formation  of  peroxide.  To  obtain  the 
sesquioxide  free  from  chloride,  nitrate  of  lead-oxide  is  6U{»ersaturated 
with  potash  in  sufficient  quantity  to  re-dissolve  the  precipitate,  and  then 
treated  with  chloride  of  soda;  or  the  precipitate  obtained  by  treating 
acetate  of  lead- oxide  with  a  slight  excess  of  potash  is  dissolved  in  caustic 
potash  (after  pouring  off  the  liquid),  and  the  clear  solution  mixed  with 
chloride  of  soda.  The  yellow  precipitate,  when  washed  and  dried,  yields 
a  8oft|  non-crystalline,  reddish-yellow  powder.  This  powder  contains 
more  or  Icfs  hygroscopic  water  closely  united  with  it,  and  only  to  be  got 
rid  of  by  drying  over  vitriol  with  the  aid  of  heat,  whereupon  it  gradually 
escapes.  At  a  red  heat,  the  sesquioxide  is  resolved  into  3*4685  per  cent, 
of  oxygen  gas,  and  96 '53 15  per  cent,  of  protoxide.  By  oxalic  acid  and 
by  formic  acid  it  is  reduced  to  the  state  of  protoxide,  with  evolution  of 
heat.  With  nitric,  sulphuric,  hydrofluosilicic  and  acetic  acids,  generally 
without  the  application  of  heat,  it  is  converted  into  peroxide  ana  a  salt  of 
the  protoxide.  It  dissolves  in  cold  hydrochloric  acid,  forming  a  yellow 
liquid  from  which  it  is  again  precipitated  by  alkalis  :  the  liquid,  however, 
resolves  itself  in  a  few  minutes  into  chloride  of  lead  and  free  chlorine. 
(Winkelblech.) 

MVlnkelblech. 

2Pb 208      ....      89-66        8964 

30    24       ....       10-34         10-36 

PVO»  232      ....     10000        ZZ       10000 


D.  Peboxidb  of  Lead.    PbO'. 

Brown  Oxide  of  Lead,  Puce  Lead,  Bleihi^peroxyd,  Tritoayde  de  Plomb, 
•—Discovered  by  Karelia  and  Scheele. — ^Found  native  in  the  form  oiUeavjf 
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kad-ore  {SehwerhUierz). — Formation  and  Preparaiion,     1.  Solutions  of 
lead-falts  deposit  the  peroxide  in  cnrstallinc  scales  on  tbe  positive  polar 
wire  of  the  voltaic  circuit  (I.  463).    The  deposition  of  the  peroxide  takes 
place   even    in   a  solution  containing   only    1   part  of   lead   in   12^000. 
(Fischer,  KaUn,  Arch.  16,  219.) — 2.  By  treating  the  yellow  protoxide 
with  chlorine- water  (Vauquelin)  or  bromine- water,   or   aqueous   hypo- 
chlorous  acid. — 3.  Dilute  subac^tate  of  lead-oxide  mixed  with  aqueous 
hypochlorous  acid  deposits  very  finely  divided  peroxide  of  lead.  (Pelouze.) 
—4.  By  beating  the  aqueous  solution  of  a  lead-salt  with  chloride  of  soda. 
To  a  boiling  solution  oi  sugar-of-lead,  chloride  of  soda  is  added  as  long  as 
any  precipitate  is  formed;  the  solution  is  then  decanted^  and  the  chloride 
of  lead,  which  is  precipitated  at  the  same  time,  is  extracted  by  boiling 
dilute   nitric  acid.      The   peroxide  of  lead   thus  obtained  is  somewhat 
lighter  than  that  prepared  by  the  ordinary  method,  but  has  the  same 
composition,  and  contains  no  water.  (Wiukelblcch.) — 5.  By  fusing  lead- 
oxide  with  chlorate  of  potash.  (Gbbel,  Schic,  67,  77;  Liebig  k  Wohler, 
Pogg.  24,  172.)     The  preparation  is  made  by  fusing  in  a  silver  or  pla- 
tinum crucible,  4  parts  of  lead-oxide  (obtained  by  heating  white  lead) 
with  1  part  of  chlorate  of  potash  and  8  of  nitre,  till  the  mass  becomes 
uniformly  black — an  effect  which  generally  takes  places  simultaneously 
with  perfect  fusion — the  residue  is  then  well  washed  with  water,  and 
treated   with  dilute  nitric  acid.     Red  lead  substituted  for  the  protoxide 
does  not  yield  any  peroxide.    (Level,  Ann.  Chini.  Phys.  75,   108.)—- 
6.  Litharge  heated  in  a  platinum  crucible  yields  ]>(Toxide  of  lead  and  an 
alloy  of   lead    and   platinum.    (Chevreul,  Ann.  Chim.    Phi/s.    80,   315; 
also    Gilb.   51,    115.) — 7.    By   treating    red    lead    with    chlorine-water. 
Chlorine  gas  is  passed  into  water  in  which  red  lead  is  suspended — the  liquid 
being  frequently  agitated — as  long  as  any  absorption  takes  place;  and  the 
resulting  peroxide  is  continually  washed  with  boiling  water  to  free  it 
from  chloride. — 8.  By  treating  red  lead  with   nitric  acid,  which  extracts 
the  protoxide  of  lead.     The  red  lead  is  iirst  boiled  for  a  sufficient  time 
with  excess  of  dilute  nitric  acid,  and  the  re:^uIting  peroxide  washed  with 
water. — 9.  By  fusing  red  lead  with  hydrate  of  potash.  (Becquerel,  Aim, 
Chim,  Phys.  51,  104.)     The  potash  certainly  extracts  protoxide  of  lead. 
BerthoUet  {Stat.  Chan.  2,  377)  remarked  that  red  lead  evolves  no  oxygen 
when  fused  with  hydrate  of  potash. 

The  native  i)eroxide  occurs  in  six-sided  prisms  terminated  by  six- 
sided  pyramids;  specific  gravity  varying  from  9392  to  9448;  has  au 
iron-black  colour,  with  a  metallic,  semi-adamantine  lustre,  and  yields  a 
brown  powder.  (Breithaupt,  J.  pr.  Chan.,  10,  508.)  The  peroxide 
artiGcially  prepared  by  (9)  appears  in  brown  six-sided  tables,  exhibiting 
a  yellow  lustre  by  reflection;  that  prepared  by  (1)  forms  delicate  crys- 
talline scales,  generally  of  a  black  reddish-brown  colour  when  reduced 
to  powder.  Specific  gravity  of  the  artilicial  peroxide  8*903  (Herapath), 
8-933  (Karsten),  9-190  (P.  Boullay). 
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Decompositions.  1.  By  light  into  oxygen  gas  and  red  lead;  in  a 
Kimilar  manner  by  gentle  neating;  by  a  stronger  heat  it  is  resolved  into 
oxygen  gas  and  fused  yellow  protoxide.-^2.  Gives  up  oxygen  to  many 


BulMtanou,  sometimea  willi  evolntion  of  ligbt  and  heat.  Whea  triturated 
with  ooe-sixth  of  it«  weight  of  sulphur,  it  aeU  fire  to  the  salphur,  which 
burns  with  a  brilliant  flame,  formiog  sulphide  of  lead.  (Vauquelin,  Ann. 
Chim,  t'hya.  62,  221);  a,  mixture  of  2  parts  peroxide  and  1  part  sulphar 
takes  lire  wheu  touched  with  oil  of  vitriol;  if  the  mixture  likewise 
contaiDH  phoepborus,  violent  explosion  take-a  place  od  tritarHtion. 
(Qrindel,  tiiAw.  15.  478.)  With  ai|UQOus  hypophosphoroua  acid,  it  forms 
[ihoaphate  of  lead-oside.  (Wurti.)  When  immersed  in  Bolphurous  acid 
ga.s  at  urdinaiy  Icnipeiatures,  it  bocomea  red-hot,  and  is  converted  into 
aulpliato  of  Iwd-oxide  (A.  Vogel,  Kattn.  Arch,  1,  AM);  with  aqueoui 
aalphurous  acid  it  is  likewise  converted  into  sulphate  of  lead-oxide,  very 
•lowly  at  ordinnry  tetnperatiiree,  more  quickly  with  the  aid  of  heat, 
llypoaitrio  aoid  disaolves  it,  foniiing  a  solution  of  nitrate  of  lead-oxide. 
With  prutirobluride  of  tin  it  uudergoes  the  same  decomposition  as  red 
loail.  (A.  Vogol.)  In  nitrate  of  mercuroua  oxide  it  dissolves  oompleteiy, 
forming  niiralo  of  mercuric  oside  and  protoxide  of  leail.  (LeTol.)>— 
When  tritunitpd  witli  an  equal  weight  of  crystalliied  oxalic  a^iid,  it  is 
deonnipuEinl  without  ignition,  yieldinjE  vapour  of  water,  carbonic  acid 
)[«4,  and  carbonate  of  lead-oxid«.  It  becomes  incandescent  when  tritu- 
rated with  one-eighth  of  its  weight  of  lacemic  acid,  tannin,  or  common 
sugar,  or  with  one^ixth  of  tartaric  iLcid,  gallic  acid,  grape-sugar,  of 
niauna-sugar,  (Bi'ttgor.)  According  to  A.  Vogel,  it  is  likewise  oon- 
Turtcd  into  lend-oxido  by  boating:  with  oil  of  turpentine  or  solution  of 
sucar. — 3.  By  heat«d  oil  of  vitriol  it  is  converted  into  osvgeD  gas  and 
sulphate  of  fead-oxiJe. — 1.  By  aqneoas  hypochlorooa  acid  into  oxygen 
gas  (with  a  siuall  quantity  of  chlorine)  and  chloride  of  lead.  (Balaril.) 
— 5.  By  aqueous  bydriodic,  hydrobromic,  hydrochloric  or  bydrocyanio 
aoid,  into  water,  iodide,  bromide,  chloride  or  cyanide  of  lead,  and  frco 
iodine,  bruniine^  chlorine,  or  cyanogen;  >.  jr. 

Pba-+2HCI  =  Pba  +  2HO  +  CI. 

Cotnitnofions. — Peroxide  of  lead  combines  with  many  ealifiable  bases 
forming  compounds  in  which  it  plays  the  part  of  au  acid,  and  wbicli  may 
therefore  he  eaWeii  Salti  of  Plumbic  Acid,  or  Plumbatet.  These  eompounda 
are  formed  by  igniting  the  peroxide  with  salifiable  bases.  (Vid.  Plumbat« 
of  Potatfi.)  In  accordance  with  ihia  nomenclature,  red  lead  may  bn 
called  Plumbalt  of  Lead-oxide.  (Fremy,  t'ontpt,  rend.  15,  1109;  alao  A". 
J.  Pharrn.  3,  30.)  !■ 

Lead  and  Cakpon.  ^W 

A.  Carhide  of  Lead  ? — a.  By  igniting  tartrate  or  acetate  of  Icad-osfde 
in  a  clo#e  vessel,  a  carbonaceous  substance  is  obtained  which  takes  fire 
in  the  air  and  leaves  protoxide  of  lead.  (Pronst.) — 6,  Cyanide  of  lead,  or 
a  finely  divided  mixture  of  charcoal  and  tend-oxidi;,  yields  on  ignition  a 
binck  powder,  which  takes  lire  iu  the  air  when  heated,  yielding  globules 
of  motnlHc  lead.  (Ber«eliu8.) — c.  Lead  ignited  with  charcoal  volatiliies 
and  sublimes  as  a  carbide  in  black  spangles,  having  the  metallic  lustre. 
(John,  Her/.  Jakrb.  1820,  320.) 

B.  Carbonate  op  Lead-oxidk,  or  Lead  Carbonate. — Carbonate  of 
Lead. — Litharge  slowly  absorbs  carbonic  acid  from  the  air. — a.  IHear- 
bonate. — Formed  in  the  hydrated  state  by  continued  exposure  of  lead 

J  in  water  to  tlie  open  air,  (DelavUle,  N.  Qtkl,  2,  682;  Beoquerel, 
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Ann.  (Mm,  Pkyi.  54, 146;  Yorke,  Phil,  Mag.  J,  5,  82;  Bonsdorff,  Pogg. 
40,  207.)  If  a  piece  of  lead  be  left  to  tamieh  in  damp  air,  then  scraped 
clean  on  one  part,  and  covered  with  a  layer  of  water  6  inches  deep,  the  salt 
ifl  depoeited  on  the  bright  part  of  the  metal  in  the  form  of  an  arboret^cence 
consisting  of  crystalline  scales.  This  compound  may  aUo  be  formed  by 
keeping  lead-oxide  for  a  long  time  under  water  in  a  vessel  ex]>use(l  to  tho 
air;  it  then  swells  up,  and  is  converted  into  white  flakes,  easily  separateil 
by  washing  from  the  unaltered  oxide.  (Bonsdorff,  Pogg.  40,  2U7.)  Lead 
immersed  in  water  containing  y^  pt.  of  potash  becomes  covered  with  a 
crust  of  carbonate.  (A.  Vogel.)  Finely  granulated  lead  constantly 
stirred  about  in  an  aqueous  solution  of  carbonate  of  potash  exposed  to 
the  air,  forms  carbonate  of  lead-oxide,  which  may  be  removed  from  time 
to  time  by  levigation.  (Prechtl,  J.  pr.  Chem.  2,  164.)  The  salt  thus 
obtained  is  probably  pure  dicarbonate,  unmixed  with  ordinary  whito 
lead.  Possibly  also  tho  so-called  white  lead  which  Gannal  and  Verscpuy 
{Compi.  rend.  10,  1327)  obtained  by  agitating  finely  divided  lead  with 
water,  consisted  of  this  salt.  The  dicarbonate  when  used  as  a  pigment 
has  not  the  coating  power  of  white  lead.  (Bonsdorff.)  After  exposure 
to  the  air  for  some  time,  it  effervesces  more  strongly  with  acids  than 
before.     Water  dissolves  but  a  trace  of  it.  (Yorke.) 
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h.  Setquibane  Carbonate. — White  lead  generally  consists  of  this  salt 
in  the  hydrated  state.  It  is  precipitated  by  carbonic  acid  from  a  solution 
of  the  acetate. — 1.  New  Mode  of  Preparation  :  Carbonic  acid  gas  pas.<«ed 
through  a  solution  of  basic  acetate  of  lead-oxide  takes  up  a  portion  of  tho 
oxide,  and  is  precipitated  with  it  in  the  form  of  white  lead.  The  gas 
obtaineii  by  burning  charcoal  in  a  stream  of  air,  or  that  which  issues 
from  apertures  on  the  hill-side,  as  at  Brohl,  may  be  used  for  this  pur- 
pose. When  carbonic  acid  gas  is  passed  in  five  separate  portions  through 
basic  lead-acetate  till  the  liquid  becomes  neutral,  each  of  tiie  five  preci- 
pitates is  found  to  consist  of  2(PbO,CO=)H-PbO,HO.  (Hochstettor.) 
a.  French  Method :  proposed  by  Tlieiiard,  carried  out  by  Roard.  Dis- 
tilled vinegar  or  a  solution  of  sugar-of-load  is  saturated  with  litharge- 
carbonic  acid  gas  passed  through  it — the  liquid  i>oured  off  from  the  pre- 
cipitated white  lead,  and  again  t^aturated  with  litharge — carbonic  acid  gas 
ag:iin  passed  through  it, — and  so  on.— 6.  English  Method :  introduced  by 
Benson.  100  parts  of  finely  ground  litharge  are  stirred  up  to  the  con- 
sistence of  paste  with  the  a(jueous  solution  of  1  part  of  sugar-of-lcad— 
the  mixture  intro<luced  into  a  wooden  receiver  of  peculiar  constniclion — 
and  there  kept  in  constant  agitation  by  means  of  grooved  cylinders,  at  the 
same  time  that  it  is  brought  in  contact  with  carbonic  acid  gas,  generated 
by  the  combustion  of  coke,  and  cooled  by  passing  through  tubes  immersed 
in  water.  When  the  paste,  after  a  few  days,  cea.ses  to  absorb  carbonic 
acid,  it  is  ground  with  an  additional  quantity  of  water  lietween  mill- 
stones, and  then  levigated  with  water.  The  water  dissolves  out  any  ace- 
tate of  copper  or  iron  that  may  bo  present  {(Jainp.  Schabarth,  J.pr,  Chem. 
24,  328.)  Since  lead-oxide  by  it«elf  absorbs  carbonic  acid  very  slowly 
[and  forms  only  the  bibasic  carbonate  J,  tho  100  parts  of  Icad-oxide  must 


be  gradually  diseolvej  by  the  1  p*rt  of  sngar-of-leuul  and  coiiTertad  into 

basic  acetate,  antt  iheo  precipitated  from  the  solation  by  combiaiDg  with 
carbonic  add.  (Pelouzc.) 

2,  Older  Method  of  Preparation. — B^  eipoeing  plates  of  lead  to  tb« 
TajKiiirs  of  acetic  acid,  and  at  the  same  lime  to  air  loaded  with  carbonic 
acid.  Tbe  predbpoaing  atfinity  of  the  acetic  acid  for  the  lead-oiida 
indnce^  the  fommttoa  of  that  compoand  st  the  expense  of  the  air ;  tho 
carbonic  acid  precipitates  a  portion  of  tbe  lead-oxide  from  the  baftc  ace- 
tate  in  the  form  of  white  lead ;  tbe  acetic  acid,  robbed  of  tbe  greater 
portion  of  its  oxide,  then  acts  upon  fresh  portions  of  lead,  Ac.  &c.  That 
tbe  acetic  acid,  in  this  reaction,  doe«  not  furnish  tbe  carbonic  acid  hy  any 
accidental  decomposition,  but  that  the  tatter  must  be  introduced  from 
some  other  source,  and  that  the  oivgen  of  tbe  air  is  necessary  for  the 
oxidation  of  the  lead,  is  shown  by  the  following  facts  :  Lead  exposed  to 
tbe  vapours  of  acetic  acid  iu  air  which  is  free  from  carbonic  acid,  yields 
notbing  but  acetate  of  lead.  (Hocht: tetter.)  A  lead  plate  enspended 
witbin  a  vessel  Slled  with  oxygen  and  carbonic  acid  gas,  and  having  a 
layer  of  acetic  acid  at  bottom,  produces  a  quantity  of  white  lead,  the 
oxygen  and  carbonic  acid  contained  in  which  correspond  to  the  quantitiea 
of  those  gasei!  which  disappear,  but  tbe  acetic  acid  suffers  scarcely  any 
diminution.  (Peloujie,  Aitii.  C'kim.  F/iyi.  79,  112;  nlsoJ.  pr.  C/irm.  25, 
480.J  Lead  moiatened  with  acetic  acid,  and  expoae>l  to  carbonic  acid 
gas  free  from  air,  at  a  temperature  between  30"  and  40°,  undergoes  no 
alteration  in  tie  course  of  24  hours;  but  if  air  be  admitted,  the  metal 
becomes  coated  with  white  lead  in  the  course  of  six  hours.  (Hochslctter, 
J.  pr.  CAcm.  2G,  338  )  In  tbe  Dutch  method  of  preparation,  weak  beer- 
vinegar  is  used  containing  only  1^  per  cent,  of  acetic  acid,  and  a  consi- 
derable quantity  of  acetic  acid  is  found  in  the  resulting  white  lead  ; 
hence  tho  large  quantity  of  carbonic  acid  contained  in  ttie  white  lead 
cannot  be  derived  from  the  acetic  acid.  Formic  acid  in  tbe  place  of 
acetic  acid  yields  no  white  lend,  because  it  does  not  form  with  lead-oxide 
a  basic  tail  which  can  he  decomposed  by  carbonic  acid.  (Pelouie.) 
a.  Dutch  Method :  Earthen  pots  glazed  inside,  8  inches  high,  and  somo- 
wbat  wider  at  top  than  at  bottom,  are  filled  to  one-fourth  of  their  depth 
with  beer-vinegar  :  at  one-third  of  their  height  from  the  bottom  arc  three 
projecting  points,  on  which  a  cross  piece  of  wood  is  laid ;  on  this  are 
placed,  iu  a  vertical  position,  a  number  of  leaden  plates  rolled  up  in 
vohiminouE  spirals;  and  the  whole  is  covered  with  a  leaden  plate.     The 

Ccits  are  placed  in  rows  upon  horse-dung  under  a  shed,  and  covered  with 
uards,  on  which  is  laid  another  stratum  of  horse-dung;  on  this  again  is 
placed  another  row  of  pots, — and  so  on,  till  six  rows  arc  formed  one  above 
tho  other.  The  dung,  by  its  slow  decomposition,  evolves  beat,  which 
favours  the  evaporation  of  the  vinegar,  ana  likewise  gives  off  carbonia 
acid,  whereby  the  lead-oxide  is  sepanttcd  from  tbe  acetic  acid.  Circula- 
tion of  air  is  essential  to  this  process.  In  the  course  of  4  or  5  weeks, 
the  grenter  part  or  the  whole  of  the  lead  is  converted  into  white  lead,  the 
change  taking  place  from  without  inwards.  The  white  lead  is  then 
detached — ground  to  a  semi-fluid  consistence  while  still  moist — freed 
from  ndhering  acetate  by  washing — and  di'ied  in  small  round  pots  having 
tlie  form  of  truncated  cones.  Unwashed  white  lead  still  contains  a  large 
quanti^  of  neutral  acetate  (Pelouse);  according  to  Hochstetter,  it  con- 
tains from  2  to  IS  per  cent. — b.  German  Method :  Plate«  of  lead  t 
Eusf  ended  within  wooden  boxes  placed  in  heated  chambers,  and  cuntaiaj 
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a  stninm  of  seetio  acid;  or  the  plates  are  suspended  in  heated  chambers, 
haying  their  floors  covered  with  tan  and  acetic  acid. 

When  basic  acetate  of  lead-oxide  is  precipitated  by  a  very  sli<|^ht 
excess  of  carbonate  of  soda,  the  precipitate  likewise  consists  of  2(PbO, 
00*)+ PbO,HO.     (Hochstetter.) 

White  lead  forms  a  white,  earthy,  dense  and  heavy  mass,  which 
pofisesses  greater  coating  power  than  any  other  white  pi^^ment.  By 
whichever  of  the  preceding  methods  it  is  prepared,  it  is  Found,  when 
diffoaed  through  water  and  examined  by  the  micruscope,  to  consist  of 
non-crystalline,  transparent,  round  and  oval  globules  of  the  size  of  O'OOOOl, 
or  rarely  from  0*00003  to  0-00004  of  an  inch;  the  new  method  yields 
globules  somewhat  larger  and  moro  transparent  than  those  obtained  by 
the  older  process.  (Hochstetter.) 

ly  a,  Jk  18  white  lead  prepared  in  the  Magdeburg  factory,  by  the 
newer  French  method. — 1,  a.  ffoch,  is  that  prepared  in  the  same  manner 
on  the  small  scale  by  Hochstetter. — 2,  a.  HolL  is  white  lead  from  the 
Dutch  £Eictories,  and  prepared  by  the  Dutch  process.  — 2,  a.  Hodi.  is  white 
lead  prepared  by  Hochstetter  himself,  according  to  the  Dutch  process. 
2,  6.  Kr.  is  Kremter  white  (which  contains  more  or  less  of  a  blue  colour, 

?»robably  indigo,  and  therefore  yields  a  few  metallic  globules  when  ignited.) 
Mulder). — 2,  b.  Off.  is  white  lead  from  Offenbach. — Engl,  is  English 
white  lead  (mode  of  preparation  not  given). — Harz.  is  white  lead  from  a 
£ftctory  in  tne  Harz  (mode  of  preparation  not  given). — Strat.  is  white 
lead  prepared  in  a  particular  manner  by  Stratingh,  containing  less  hydrated 
oxide  than  the  ordinary  product,  and  consequently  remaining  white  in 
the  dark  when  mixed  with  poppy  oil. — Saturated,  is  Dutch  white  lead, 
suspended  in  water  and  exposed  for  some  time  to  a  stream  of  carbonic 
acid  gas. 

Hochstetter.  Mulder. 

1,  a.  M.      1,  a.  Hoch.     2,  b.  Kr.     2,  a.  Holl.     2,  ft.  Kr. 

SPbO  336  ....  86-38  ....  8587  ....  86*20  ....  86*55  ....  86*59  ....  86*31 
2C0»  44  ....  11*31  ....  11*77  ....  11*45  ....  11*27  ....  11*71  ....  11*35 
HO  9  ....       2-31     ....       2*14     ....       2*44     ....       2*21     ....       2*11     ....       216 

389  ....  100-00     ....     99*78     ....  100*09     ....  100*03     ....  100*41     ....     99*82 

Link.  Hochstetter.  Mulder. 

/» '^ \  / ■ > 

2,  b.  Kr,       2,  b.  Off.  Harz.            Engl.         2,  a.  Holl.        Strat. 

PbO ....                  ....  86*42  ....     86*16     ....     85*96     ....     86*24 

CO«  11*29     ....     11-28     ...  11*51  ....     11*91     ....     11*93     ....     1235 

HO  2*23     ....       2-21     ....  2*23  ....       1*93     ....       1*93     ....       1*77 

100*16  ....  100*00  ....  99*82  ....  100*36 

Bette.  Malder.  Hochstetter. 

. , 

2,  b.  Kr.     taturated.     2,  a.  Hoch.     2,  b.  Kr. 

PbO 85*25     ....     84*83     ....     84*21     ....     83*97 

C02 12*65     ....     1504     ....     14-73     ....     1503 

HO ....       0-59     ....       1*01     ....       0-84 

100*46     ....     99*95     ....     99*84 

Mulder  (Ann.  Pharm.  33,  242;  also  .7.  pr.  Chem.  19,  70)  dried  the  white 
leail  at  130°  before  analyzing  it,  whereby  it  lost  from  0*23  to  0*34  per 
cent,  of  hygroscopic  water.  Hochstetter  {J.  pr,  Olam.  26,  33s)  and 
Link  \Ann,  Pharm.  46,  232),  and  probably  also  Bette  (^Ann.  PJtarm. 
33,  251),  analaysed  white  lead  dried  at  100^. — Hochstetter  found  in  the 
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varieties  nrwliitfl  lead  which  be  exaniinetl,  a  small  qonntit^of  Eu;eta(«  of 
leoiloiidp,  wIiiL'h  was  oonipletely  extrat^tt-d  by  builiugwuti^r,  and  wiiiclihe 
logardod,  oa  tlie  neutral  acetate  (augar-of-lead j.  The  proportjoa  of 
acattc  add  amonnted  to  0-50  per  cent  in  1,  a.  M;  to  0-53  in  2, 6.  Kr.  upper 
eericH;  to  0-34  in  the  Harz  gpecinieti,  and  to  0-~0  per  cent,  in  2,  h.  Kr, 
loiter  series. — Mulder  found  in  Stratiiigh's  white  lead;  lead-oxide  85-74; 
oorboDio  add  12-32;  combined  water  I'Td;  hjgroscopio  water  Q'o5;  and 
acetic  acid  0-12  (excess  0-38).  In  the  analyses  given  in  the  preoediiig 
table,  the  hygroscopic  water  is  deducted  together  with  the  acetic  acid, 
and  aa  much  lead-oxide  tia  the  latter  requires  to  form  ueutral  acetate. 
From  other  kinds  of  wliite-lead,  Mulder  could  not  extract  any  acetic  acid 
by  boiling  with  milk-ofdime, — the  only  substance  thereby  extracted 
beiu^  a  trace  of  chloride  of  calcium,  proceeding  from  chloride  of  lead 
contained  in  the  white  lead,  and  jirobably  produced  by  inipuritiea  in  the 
Water  nsed  in  pre^iaring  it.  Linkj  alHO.  on  distilling  Kremser-white  with 
sulpboriu  acid,  obtained  not  a  trace  of  acetic  acid, — Mulder,  on  dissolririg 
white  lead  in  cold  and  very  ditnte  acetic  acid,  found  that  Dutch  white 
lead  left  small  quantities  of  lead,  sulphide  of  lead,  sulphate  of  lead-oxide, 
and  chloride  of  lead — Kremser-white  and  English  white  lead,  small  quao- 
titioe — and  Stmtiugh'a  white  lead,  traces  of  sulphate  of  lead-oxide  and 
chloride  of  lead. — [For  the  analyses  of  PfafT  and  Bischoff,  vid.  ScKui.  53, 
119;  J.pr.  Chmn.1,  172.] 

From  the  analyses  juat  given,  it  may  be  concluded  that  white  lead  is 
composed  of  2(PhO,Cd')  +  PbO,HO.  but  that  ihia  compound— especial ly 
if  the  action  of  the  curbonicacid  be  long  continued — may  be  mixed  more 
or  less  with  monocarbonatc,  PhO.CO',  whereby  its  value  is  increased. 
The  amaller  the  quantity  of  hydrate  that  it  contains,  the  better  does  it 
spread,  and  the  lesa  is  it  liable  to  turn  brown; — e.  g.  that  of  Stra*ingh. — 
Probably,  therefore,  pure  monocarbonate  of  lead-oxide,  e.  'j.  that  prepared 
by  precipitating  a  lead-suit  wilU  carbonate  of  potash,  might  bo  the  best 
adapted  for  a  pigment. 

Ordinary  while  lead  is  mixed  with  eonsidorable  quantities  of  beaty 
epar,  gypsum  or  chalk.  Heavy  spar  and  gypsum,  likewise  any  sulphate 
of  l»id  that  may  be  accidentally  present,  are  left  behind  when  the  whitu 
lea*!  is  dissolved  in  dilute  atetic  or  nitric  acid.  When  white  lead  con- 
taining chalk  is  treated  with  hydrochloric  acid,  the  filtrate  evaporated, 
and  the  residue  digested  in  alcohol,  a  solution  of  chloride  of  calcium 
is  obtained.  Pure  white  lead  dissolves  completely  in  boiling  dilute 
potash-ley;  concentrated  solution  of  potaab,  according  to  Bottgcr,  con- 
verts  it  into  anhydrous  lead-oxide. 

e.  Monoearbotiale.—TanTid  native  in  the  form  of  Ltad-spar  or  Wkite 
Uad-ore.  Sometimes  it  exhibits  the  form  of  the  sulphide  or  sulphate 
from  which  it  has  been  formed.  Obtained  by  precipitating  a  normal 
lead-salt  with  an  alkaline  carbo[)at«  in  excess.  Berzeliua  {Poifff.  47, 199} 
precipitates  nitrate  of  lead-oxide  with  carbonate  of  ammonia;  if  carbonate 
of  soda  be  used  as  the  precipitant,  and  the  precipitate  boiled  with  the 
liquid,  the  corbunalo  of  lead-oxide  (according  to  the  Eame  authority]  car> 
ries  down  with  it  a  small  quantity  o!  carbonate  of  soda.  Bette  precipitates 
eugnr-of-Iead  with  carbonate  of  ammonia;  Mulder  with  carbonate  of 
potash. — %  According  to  Lefort  (iT.  J.  Pharm.  15,  26),  the  precipitate 
thrown  down  by  alkaline  carbonates  from  a  hot  solution  of  lead  consists 
of  SPbO,2CO,'HO;  tlie  neutral  carbonate  PbO,CO'  is  obtained  only  b/  i 
precipitating  in  the  cold.  IT 


Tlie  DBtivc  cotnpouTiil  belongs  to  the  right  prismatic  Byatem;  F!g. 
155,  58,  aud  otber  forms.  u;i/=62°5e';  «:(=122"2«';  .:k=143^33'; 
i:l=lii''  44'.  Cleavag.?  parallel  to  «.  (Hauj.)  Specific  gravity  6-465. 
(Sloks.)  Harder  tban  cnlcapar.  Colourless,  tranapsreat,  witb  an  a<la- 
maiiliae  lustre.  Decrepitates  nhen  lieated.  The  urtifieially  prepared 
nil  is  a  white  powder,  whose  density,  according  to  Karslen,  is  e'4277. — 
Carlrouate  of  lead-oxide  gives  off  carbonic  acid  when  ignited;  dissolves 
VtTj  sparingly  in  cold  water,  to  a  greater  extent  in  water  containing  sal- 
■mmnDioe,  especially  on  the  application  of  beat,  5  According  to  Frese- 
sins  (Ann.  Fharm.  5»,  124),  1  part  of  the  salt  dteeokesin  SO^ol  parts  of 
^rc  water  of  medium  temperature:  in  23450  parts  of  water  containing  a 
Mall  quantity  of  acetate  of  ammonia  together  with  carbonate  of  hui- 
nonia  anil  free  ammonia;  and  in  a  somewhat  smaUer  qnantity  of  water 
CoutaiiiiDg  a  large  quantity  of  nitrate  of  ammonia  together  with  carbonalo 
and  free  ammonia.  IT — It  combines  with  chloride  of  lead. 
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lia   ... 
2a    ... 

B3i8 

KloproUi,     Bergmann. 
Kalite.          nalivt. 
....      83Cr     ....     83-51 
....       16-3.T     ....     16-49 

Bereelioi. 
artificial. 

..     B3-46     .. 
,.     IfiS*     . 

Belle. 

83-43 

16-00 

?bO,CO'.... 

134      ,„ 

PbO 
CO*. 

10000 

....     lOOOO    ....  100  00 

Mulder.              Che^reul. 
fl3-59      ....       83-64       .... 
16-34                 16-36      .... 

..  10000     . 

Prourt. 
83-85 
Ifi'lS 

.    ys'-id 

Ltad-earth  is  eart 
Mnlaine  7  per  cent,  i 
(Karaten,  .SrAiP.  65,365.) 

d.  Fivt-fourlii*  Carbonate i — Mononitrate  or  acetate  of  leadoxide  I 
Sitxed  with  sesqui carbonate  of  soda,  yields,  without  seusihle  evolution  of  I 
carbonic  H«id,  a  white,  beavy  precipitate,  which,  when  washed  and  dried  | 
ia  the  air,  resembles  wbite  lead  and  cont^ns  80  per  cent,  of  lead-oxide  : 
and  20  of  carbonic  acid. 

t.  Acid  Carbonate. — Carbonate  of  lead-oiide  is  very  slightly  solubia    I 
in  water  containing  carbonic  acid.     A  solution  of  lead-osiile  in  water  ii 
rendered  turbid  by  a  small  quantity  of  carbonic  acid,  bot  regains  iti 
tranqnireDcy  when  treated  with  a   larger   quantity.  (Wetilar.J      Lead  | 
coVDTvd  wito  aqueous  solution  of  carbonic  acid,  in  a  vessel  containing  a: 
begins  to  tarniBb  on  the  second  day,  and  the  liquid,  which  remains  trans*  ^ 
parent,  ar.ijuires  u  strong  brown  colour  when  treated  with  sulphncettcd 
hydrogen,  and  yields  a  small  white  precipitate  on  boiling.     But  traces  of 
Tariow  salu  in  the  carbonic  acid  wat«r  prevent  the  solution  of  the  lead. 
(Tiinnenuaiin.) — The  solution  of  lead-oxide  in  water  is  rendered  turbid 
by  a  small  quantity  of  carbonic  acid,  but  regains  its  clearness  almost 
entirely  under  ihe  mflueocc  of  a  larger  quantity.     The  mixture  reddent  I 
litmus  and  becomes  turbid  wiien  heated  or  when  mixed  with  carbonate  of  ] 
«oda.  (WelKlar.) — White  lead  precipitated  by  carbonic  ncid  from  bane 
luod-acetato  dissolves  in  carbonto  acid  water;  the  solution  contaiui  bif- 
tween  T«W  ^'"^  Tn'ini  "^  oxide,  is  reudered  turbid  by  monocarbonale  and 
bicarbonate  of  potash,  and  coloured   brown  by  sulphuretted  hydrogen. 
(Yvrke.)     According  lo  Fr.  John  {Attn.  Pkarm.  88,  117),  cart>ODat«  of 
Und-oxido  is  not  soluble  in  carbonic  acid  water. 


Lead  and  Boron. 


E  Borate  op  Lead-oxide,  or  Lead-horate. — a.  Bg  Fusion. — a.  112 
ta  of  Icad-oxido  fused  with  24  pnrta  of  faorocic  auJd  form  a  very  soft 
low  elaaH,  whicli  has  a  flensity  of  6-4,  eoftena  btpq  on  immersion  in 
lint;  oil,  is  a  ]>erfeot  insaUlor,  ftnJ  lamishfa  iii  hyilrosulpbario  acid 
SA»  from  formation  of  lead-snlphide. — S-  With  48  pnrta  of  boracio  acid, 
the  glaas  has  leas  colour  and  grenter  hardness. — y.  Wilh  72  parU  of 
boracic  ncid,  the  ijlnss  is  nearly  colourless  nnd  as  hard  as  Sint  glass,  but 
has  a  greater  refracting  power.  (Faraday.  Pogg.  18,  561.) 

b.  liy  Pjteipilalutn.  An  aqueous  solotion  of  borax  added  to  a  lead - 
lalt  throws  down  white  flakes,  which  may  l>«  fused  to  n.  transptkrent  glass;- 
thcy  are  sli^'litly  soluble  in  pure  water,  but  insoluble  in  water  cnntaininv 
%  soda-salt;  bcnco  borax  in  excess  throws  down  the  whole  of  the  lead 
From  lead-salts.  (Soubeiran.)  The  salt  precipitated  by  borax  is  PbO,2BO', 
ind  tile  same  proportion  holds  good  in  pri^clpitatinn  by  qnaJroborate  of 
imraonia,  bemtnse,  in  that  case,  boracic  aciil  remains  in  the  liquid  in  com- 
bination with  a  very  small  quantity  of  lo&<l-oxide.  (Soubeiran,  J.  Pkarm, 
11,31.)  According  to  Tiinnermann  {Kattn.  Arch.  SO,  8),  borax  added  in 
excess  to  nitrate  of  lea<l-oxide,  either  at  ordinary  temperatures  or  at  n 
soiling  beat,  throws  down  a  salt  containing  70*99  p.  c.  lead-oxide  to 
J901  boracic  acid.  If  the  solution  of  bornx  is  previously  mixed  with  n 
:|u&ntity  of  boracic  acid  suHicient  to  give  it  a  slightly  acid  reaction,  a 
3ntky  white  precipitate  is  thrown  down  c^intaiuing  5S'18  lead-oxide  to 
14 '8 2  bomcic  acid. 


\ 


Lead  j 


1  Paospnoncs. 


*  A.  Phosphide  op  Lead. — a.  When  phosphorus  is  thrown  upon  melted 
lead,  or  when  lead'filini,'s  are  ignited  with  nn  equal  weight  of  j;lacial 
nhosphorie  aeid,  or  chloride  of  lead  with  phosphorus,  a  compound  is 
f'ormed  conlaining  not  more  than  15  per  cent,  of  pbosphonis :  it  has  the 
colour  of  lead;  maybe  cut  with  a  knife,  but  splits  into  laminte  when 
laramered;  tarnishes  quickly  when  exposed  to  the  air;  and,  when  heated 
loftre  the  blowpipe,  yields  n  phosphorus-flame  nnd  a  globule  of  lead. 
Pelletier,  Ann.  Chim.'l^,  114.)— 6.  Phospliu retted  hydrogen  gas  passed 
or  two  htturs  through  n  solution  of  su^ar-of-lead,  yields  a,  brown  preci- 
pitate, which  boms  before  the  blowpipe  with  a  small  phosphonis-flanie, 
orming  beautifully  crystallized  lead-phosphate.  {H,  Rose,  Pogg.  24, 
J26.) 

B.  HypornospniTE  of  Lead-oxide,  «r  LEAD-nvpopHOSPniTK.  — 
I.  Lead-oxide  id  excess  yields  with  cold  aqueous  hypophosphorous  acid  a 
solution  which  exhibits  an  alkaline  reaction,  and,  when  nculralitcd  with 
lypophoephorous  acid,  deposits  the  monobasic  salt  in  crystalline  laininn 
■aving  a  feebly  acid  reaction.  When  the  acid  ia  heated  with  excess  of 
■xide,  lead  is  reduced  and  phosphate  of  lead-oxide  formed.  (H.  Rose, 
^ogg.  12,  2S8). — 2.  By  digesting  recently  precipitated  carbonate  of  Icaii- 
ixide  with  aqueous  hypophos]ihorous  acid,  and  then  filtering  and  eva- 
lorating,  Bmall,  sliglitly  rhombic  prisms  with  dihedral  summits  are 
•btained,  which  redden  litmus  and  give  off  no  water  at  100".  (Worts, 
inn.  F/iarm.  43,  227.) 


rt 
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CryttaUiud,  Wurtz. 

PbO 1120    ....       6612      6C05 

PO  39-4     ....       23-25       2315 

2HO    18-0    ....       10-63       10-80 

PbO,PO  +  2Aq 169-4     ....     10000       10000 

Wlen  heated  to  redness  in  a  retort,  it  gives  off  spontaneously  in- 

&miiiable  phosphnretted  hydrogen,  and  leaves  phosphate  of  lead-oxido 

nuxed  with  a  very  small  quantity  of  pho.sphoric  oxide.     Dissolves  with 

difficulty  in  cold  water,  more  easily  in  hot  water,  but  not  in  alcohol, 

vhich,  on  the  contrary,  precipitates  it  from  the  aqueous  solution  in  pearly 

fcales.     The  aqueous  solution  is  not  dcootn posed  by  boiling.     Ammonia 

in  excess  throws  down  from  it  a  powder  containing  91*20  per  cent,  of 

lead-oxide,  1'j7  acid,  and  7*14  water;  when  tho  liquid  filtered  from  this 

precipitate  is  boiled,  it  deposits  flakes  which,  after  drying,  contain  86*83 

oxide,  4'58  acid,  and  8*79  water;  the  liquid  still  retains  lead-oxide  in 

solution^  ^H.  Rose.) 

The  alKaline  liquid  obtained  by  saturating  aqueous  liypophosphorous 
acid  with  lead-oxide,  if  kept  cold  for  a  long  time  in  a  stoppered  bottle, 
deposits  a  sandy  powder,  and  acquires  thereby  tho  power  of  reddening 
litmus;  because  the  salt  which  remains  in  solution  is  monobasic.  (H.  Rose.) 
—Wurtz  did  not  succeed  in  preparing  a  basic  salt;  the  alkaline  hypo- 
phosphites  do  not  precipitate  basic  lead-acetate;  but  the  mixture  becomes 
torbid  even  in  the  cold,  and  more  quickly  when  heated,  giving  off  pure 
hydrogen  gas  and  depositing  phosphite  of  lead-oxide,  which  is  likewise 
the  sandy  powder  observed  by  H.  Rose. — A  peculiar  compound  belonging 
to  this  Lead  was  obtained  by  Grotthuss.  (Phys,  chem.  Forschungen,  I, 
lOG.) 

C.  PiiospniTE  OF  Lead-oxide,  or  Lead  Phosphite. — a.  Qiutdrobanc, 
— ^Formed  by  digesting  recently  precipitated  diphosphite  of  lead-oxido 
with  aqueous  ammonia  in  a  closed  vessel  for  several  weeks,  and  then 
washing  with  alcohol.  The  filtrate  is  free  from  oxide  of  lead.  The  salt 
when  heated  to  redness  in  a  retort,  turns  black  and  yields  hydrogen  gas 
free  from  phosphorus,  and  a  residue  which  in  100  parts  contains  87  03 
oxide  and  12*97  phosphoric  acid.  100  parts  of  the  salt  evaporated  with 
nitric  acid  and  then  heated  to  redness,  leave  09*92  parts  of  lead-phosphate 
containing  85*80  parts  of  oxide.  (H.  Rose,  Fogg.  9,  222.) 


H.  Ro.se. 

4PbO 

4480 

•  ••• 

85*92 

85-81 

PO>    

55-4 

•  ••• 

10-63 

10-95 

2H0  

18-0 

•  ■•« 

3-45 

3-24 

4PbO,P03  +  2Aq. 

521-4 

•  ••• 

10000 

10000 

h,  Bihduic, — To  prepare  this  salt,  tcrchloride  of  phosphorus  dissolved 
in  a  large  quantity  of  water  is  neutralized  almost  completely  with 
ammonia;  a  hot  aqueous  solution  of  lead-chloride  added  to  the  liquid,  tho 
bulky  precipitate  freed  from  adhering  lead-chloride  by  continued  washing 
with  boiling  water;  then  pressed  to  remove  the  greater  (quantity  of  the 
liquid,  and  drie<l  in  vacuo  over  oil  of  vitriol. — White  powder.  (Bcrzclius.) 
Even  if  the  washing  be  continued  till  the  wash -water  no  longer  gives  a 
turbidity  with  solution  of  silver,  the  precipitate  still  retains  a  portion  of 
lead-chloride;  hence  a  better  mode  of  preparation  is  to  precipitate  acetate 
of  lead-oxide  with  phosphite  of  ammonia.  (H.  Rose,  Fogg,  9,  42.) 

YOL.  V.  K 
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PO>.... 

110 


Berzeliiu. 
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■  ••• 

77-67 

77-69 

55-4 

•  ••• 

19-21 

19-16 

90 

•  ■  •  ■ 

312 

315 

2PbO,PO»  +  Aq.... 288-4       ....     10000         10000 

The  mlt,  when  hoat(>d  in  a  retort,  turns  black,  gives  off  hydrogen  gas 
together  with  a  large  qnantitj  of  non- spontaneously  inflammable  phos- 
phnrett^  hydrogen,  and  afterwards  yields  pure  hydrogen  gas  together 
with  a  tolerably  large  quantity  of  sublimed  phosphorus — more  than  any 
other  phosphite — and  leaves  a  blackish  residue.  Since  the  salt  prepared 
with  chloride  of  lead  likewise  yields  this  blackish  residue,  the  blackening 
pirobably  arises,  not  from  the  acetic  acid  of  the  lead-acetate,  but  from  tlio 
phosphorus;  hence  on  dissolving  in  nitric  acid,  the  black  matter  which 
separates  at  first  is  gradually  dissolve<l.  The  blackish  residue  contains 
79*01  per  cent.  (5  At)  lead-oxide  and  20-99  per  cent,  (uot  quite  2  At.) 
phosphoric  acid.     Therefore : 

5(2PbO,  PC  +  HO)  =  10PbO,4PO5  +  P  +  5H. 

(H.  Rose,  Pogg.  9,  221.) — The  salt  evolves  sulphurous  acid  from  heated 
oil  of  vitriol.  (Wurtz.)  When  heated  with  nitric  acid,  it  yields  diphos- 
phate of  lead-oxide,  whereas  cold  nitric  acid  dissolves  it  without  alteration. 
(Berzelius,  Ann.  Chem.  Phy$.  2,  229.) — It  dissolves  very  sparingly  in 
warm  phosphorous  acid,  and  is  precipitated  from  the  solution  in  white 
flakes  by  ammonia.  (Wurtz.) 

D.  Ordinary  PnospnATE  op  Lead-oxide,  or  LEAD-pnosPHATE.  — 
a.  Terbasic,  1.  By  digesting  h  with  aqueous  ammonia. — 2.  By  precipi- 
tating neutral  acetate  of  lead-oxide  with  diphosphate  of  soda,  whereby 
acetic  acid  is  set  free.  Whitej  less  fusible  than  h.  When  heated  on 
charcoal  before  the  blowpipe,  it  is  reduced  to  6,  while  the  third  atom  of 
lead-oxide  is  reduced.  (Berzelius,  Mitscherlich,  Heintz.) 

Berzelius. 

3PbO 336-0       ....       82(7         8252 

cPO»  71-4       ....       17:)3         17-48 

3PbO,cPO»    407-4       ....     10000         ZZ       10000 

h.  Bihasie.  Formed  by  double  decomposition. — The  best  mode  of 
obtaining  it  pure  is  to  mix  diphosphate  of  soda  with  a  hot  aqueous 
solution  of  chloride  of  lead.  (Berzelius.)  The  alkaline  diphosphate  must 
be  abided  drop  by  drop  to  the  leail-salt,  so  that  the  latter  may  remain  in 
excess:  in  the  contrary  case,  a  monophosphate  of  the  alkali  is  formed  and 
triphosphate  of  lead-oxide  is  precipitated.  (Mitscherlich.)  The  salt  is 
obtained  in  an  impure  state  by  mixing  acetate  or  nitrate  of  lead-oxide 
with  an  aqueous  solution  of  acid  phosphate  of  lime,  or  with  a  solution  of 
bone-ash  in  nitric  acid,  or  with  urine. — White  powder,  which  fuses  at  a 
gentle  heat,  and  on  cooling  assumes  a  crystalline  structure,  the  solidiflctt- 
tion  being  accompanied  by  vivid  incandescence.  (Fuchs,  Schw.  1 8,  292.) 

Ignited, 

2PbO 2240     ....     75*83       

P0» 71-4     ....     2417       
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Thomfon. 

76 

77-5      .. 

80 

24       ... 
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20 
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The  salt  melts  before  the  blowpipe  on  cbarcoal,  without  reduction  of 
the  lead.  (H.  Rose.)  When  strongly  ignited  with  charcoal,  it  yields 
lead  and  likewise  phosphorus  which  volatilizes.  (Sch,  83.)  It  is  decom- 
posed by  sulphuric  and  by  hydrochloric  acid;  dissolves  in  nitric  acid,  and 
ID  potash  and  soda,  not  in  water  or  in  acetic  acid;  but  according  to  Brett, 
it  dissolves  in  solution  of  sal-ammoniac,  and  is  completely  precipitated 
therefrom  by  a  large  excess  of  ammonia. 

IT  According  to  Heintz  (Poyy.  73,  122), and  Gerhardt  (iiT.  Ann. 
Chim.  Phys,  22,  505),  the  precipitate  obtained  by  mixing  solutions 
of  chloride  of  lead  and  phoi^phatc  of  soda  always  contains  chlorine; 
it  is  in  fact  a  double  salt  of  phosphate  and  chloride  of  lead  (yid, 
p.  150). — When  nitrate  of  Icad-oxidc  and  ordinary  phosphate  of  soda 
are  mixed,  a  precipitate  is  formed  consisting  of  two  salts,  one  of 
which  contains  3  At.  base  to  1  At.  acid,  and  tlio  other  2  At.  base  and 
I  At.  water  to  1  At.  acid.  The  salt  containing  2  At.  letid-oxide  can  only 
be  obtained  pure  by  precipitating  a  boiling  t^olution  of  lead-nitrate  with 
pnre  ])ho$phoric  acid.  The  precipitato  i^5  white,  crystalline,  and  has  a 
mother-of-pearl  lustre.  It  fuses  before  the  blow2)ipe.  Its  analysis  agrees 
with  the  fornmla,  2PbO,HO,PO\  (Heintz.)  IT 

c.  3  At,  Acid  to  4  At,  Base. — By  precipitating  the  hot  aqueous 
solution  of  lead-chloride  with  excess  of  monophosphate  of  soda,  and 
washing  with  hot  water.  White  powder  which  reddens  litmus,  (Berzelius.) 
Probably  a  mixture  of  bibasic  and  monobasic  salt. 

Ignited.  Berzeliiu. 

4PbO    448-0      ....       67-66        69-731 

3P0^ 214-2       ....       32-34         30*269 

4PbO,3PO* 662-2       ....     10000         ZZ       100000 

d.  With  excess  of  Acid. — Lead  dissolves  slowly  in  aqueous  phosphoric 
acid,  when  aided  by  the  action  of  the  air;  a,  6,  and  c  dissolve  sparingly  in 
that  acid;  the  solution  when  evaporated  yields  a  few  homy  crystals. 
[On  the  phosphnte.s  of  lead-cxide,  vid.  Ann.  Pharm,  68,  286;  also  Grerhardt,  N.  Ann, 
Chim.  Phys.  22,  505;  Heintz,  Pogy.  73,  122.] 

E.  PYROPnospiiATE  OF  Lead-oxide. — By  precipitating  a  lead-salt 
with  dipyropho^jphate  of  soda.  The  i>recipitate  dissolves  in  an  excess  of 
that  reagent,  and  when  boiled  with  ordinary  diphosphate  of  soda,  it  is 
converted  into  ordinary  phosphate  of  lead-oxide  and  pyrophosphate  of 
8o<la.  (Stromcycr) — ^  Whito  amorphous  powder  soluble  in  nitric  acid, 
in  caustic  pota^^h^  and  in  pyrophosphate  of  soda — insoluble  in  ammonia, 
acetic  acid,  and  sulphurous  acid.  (Schwarzeuberg.) 

Schwarzenborg. 

2PbO   2240       ....       75-83        76-29 

M»()i ;i-4       ....       2417         23-71 

2l'bO,APO^ 295-4       Z     10000         ZZ       10000 


formed 

consists  of  2ri)U,r()";  but,  on  the  contniry,  if  the  alkalme  pyroi      ^ 

is  in  exce.s.s,  the  precipitate  is  rcdissolvcd  on  the  application  of  heat,  and 
after  it  has  become  permanent,  contains  variable  quantities  of  alkali.  A 
definite  compound,  PbO,NaO,PO^  in  the  form  of  a  granular  precipitate 
insoluble  in  water,  may  be  obtained  by  boiling  the  first-mentioned  preci- 
pitate with  excess  of  pyrophosphate  of  soda,  li 

k2 
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P.  Metaphosphate  op  Lead-oxide. — Nitrate  of  lead-oxide  mixed 
with  mctapliosphoric  acid  and  then  with  amnionin,  yields  a  ]>recipitate 
insoluble  in  excess  of  ammonia.  (Persoz.) — IT  When  a  tolerably  concen- 
trated solution  of  Fleitmann  d:  Ilenncbcrg's  metaphosphate  of  soda, 
obtained  by  the  process  described  in  pa^je  133,  Vol.  II.  (see  also  Ann. 
PJiami.  65,  304),  is  mixed  with  an  equivalent  quantity  of  lead-nitrate, 
and  the  solution  (filtered,  if  necessary)  left  to  itself,  crystals  are  obtained, 
which  appear  to  belong  to  tho  oblique  prismatic  sy.steni.  The  crystals 
contain  1  atom  of  water,  which  they  give  off  with  intumescence  when 
heated. 

Fleitmann  & 
Hcunebcrg. 

PbO Ul-G       ....       57-92         38-10 

FO*  720       ....       37-40         3G-83 

HO  90       ....         4-68         5-07 

PbO,aPO',HO         192-6       ....     lOO'OO        ZZ       ioJToO 

(Ann.  Pharm.  65,  312.)  IT 

Lead  and  Sulphur. 

A.  One-pourth  Sulphide  of  Lead. — A  finely  divided  mixture  of 
100  parts  of  galena  and  84  of  lead  heated  for  a  quarter  of  an  hour 
in  a  well-closed  charcoal  crucible  placed  in  a  wind-furnace  with  a 
strong  draught,  yields  144  parts  of  a  dull,  lead-coloured,  tine-grained, 
semi-malleable,  soft  mixture,  exhibiting  a  dark  grey  colour  on  the  cut 
surface.  When  oxidized  by  nitric  acid,  it  yields  3(5  per  cent,  of  lead- 
sulphate,  and  must  therefore  contain  3-96  per  cent,  of  sulphur.  (Bredberg, 
Foffff.  17,  274.) 

B.  DisuLPHiDE  OP  Lead. — 1.  By  the  same  process  as  for  the  pre- 
ceding compound— excepting  that  the  mixture  is  fused  in  an  earthen 
instead  of  a  charcoal  crucible,  and  covered  with  borax — 1 50  parts  of  a 
more  brittle  mixture  are  obtained,  having  a  dark  leaden-grey  colour, 
a  finely  laminar  fracture,  and  containing  7*207  per  cent,  of  sulphur. 
(Bredberg.) — 2.  Sulphate  of  lead-oxide  ignited  in  a  charcoal  crucible 
gives  off  sulphurous  acid  and  leaves  disulphide  of  lead,  which,  at  a  higher 
temperature,  partly  volatilizes  and  is  partly  decomposed,  leaving  a 
residue  of  metallic  lead.  (Berthier,  An7i,  Chim.  Phys,  22,  240.) 

C.  Protosulphide  op  Lead. — Found  native  in  the  form  of  Galena. 
Sulphide  of  lead  is  likewise  met  with,  having  the  form  of  the  Polyraorphite 
from  which  it  has  been  produced. — This  compound  is  formed:  1.  When 
sulphur  is  mixed  with  melted  lead,  the  whole  becoming  red-hot.  A 
mixture  of  finely  divided  lead  and  sulphur  in  equal  numbers  of  atoms, 
placed  in  a  glass  tube  and  heated  at  one  end,  only  so  far  as  to  induce 
combination,  does  not  continue  to  burn  unless  the  tube  has  previously 
been  heated  in  boiling  water.  Strips  of  lead,  which  may  be  tolerably 
thick,  take  fire  in  sulphur  vapour  and  burn  with  vivid  glow  and  dei>osi- 
tion  of  half-fused  globules  of  lead-sulphide.  (Wiukelblech,  il/iM.  Pharm. 
20,  37.) — 2.  By  heating  lead-oxide  with  excess  of  sulphur. — 3.  By 
bringing  hydrosulphuric  acid  or  an  alkaline  hydrosulphate  in  contact 
with  lead-oxide  or  its  salts. — Becquerel  (Ann.  Chim.  Phys.  53,  IOC),  by 
immersing  cinnabar  in  a  solution  of  hydrochlorato  of  magnesia  contained 
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in  a  glass  tube,  dipping  a  leaden  plato  to  the  bottom^  and  leaving  the 
tube  well  closed  for  six  weeks,  obtained  grey,  motaJ-shining,  regular 
tetrahedrons  of  lead-sulphide,  which  formed  on  tho  sides  of  the  tube ;  the 
liquid  smelt  of  hydrosulphuric  acid  and  chloride  of  sulphur  [?],  and  gave 
off  sulphurous  acid  when  treated  with  a  stronger  acid;  the  lower  part  of 
the  lead  became  brittle  from  absorption  of  mercury. 

The  native  sulphide  forms  crystals  belonging  to  the  regular  system. 
Fig,  1,  2,  4,  6,  8,  and  other  forms;  cleavage  very  easy  i>arallof  to  c. 
S|>ecific  gravity  7'58;  harder  than  rock-salt;  easily  pulverized;  of  a 
rcKldish  lead-grey  colour;  decrepitates  when  heated.  The  sulphide 
obtained  by  fusing  ltd  elements  together  is  Icad-grcy,  with  a  crystalline 
granular  fracture;  that  which  is  precipitated  by  sulphuretted  hydrogen,  is 
a  brown-black  powder,  and,  according  to  Karston,  has  a  density  of  7*5052 
after  fusion.  Sulphide  of  lead  fuses  at  a  strong  red  heat,  volatilizes  at  a 
stronger  heat,  and  sublimes  undecomposed,  if  kept  from  contact  with 
the  air. 

Pb    104       ....       8fr66 

S 16       ....       13-34 

PbS 120       ....     100-00 
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Ph....       86       ....       86-23       ....       86*0       ....       86-64       ....       86-8       ....       86-9 
S  ....       14       ....       13-77       ....       13-4       ....       13-36       ....       13-2       ....       131 


100       ....     100-00       ....     100-0       ....     10000       ....     100-0       ....     100-0 

Sulphide  of  lead  when  gently  ignited  in  the  air,  gives  off  the  greater 
part  of  its  sulphur  in  the  form  of  sulphurous  acid,  while  metallic  lead 
(amounting  to  about  half  the  totil  quantity)  and  sulphate  of  lead  oxide 
remain  behind.  (Descotil^,  Ann,  Ckim.  Pht/s.  55,  441.)  Sulphide  of  lead 
precipitated  from  the  nitrate  by  solution  of  ftiulphide  of  .strontium,  and 
then  dried  between  40^  and  50^  took  fire  when  nearly  dry,  and  continued 
to  bum  for  an  hour,  till  it  wa^  wholly  converted  into  sulphate.  (Anthon, 
JleperL  59,  250.)  Sulphide  of  lead  ili.ssolves  in  modcnitely  strong  nitric 
acid,  giving  off  nitric  oxide  and  depo.*itiug  sulphur;  by  fuming  nitric  acid 
it  is  converted,  with  violent  evolution  of  lieat,  into  sulphate.  Aqua-regia 
decomposes  it  with  facility,  forming  sulphate  of  lead-oxide  and  chloride 
of  lead. — ^^Vhen  ignited  in  a  current  of  aqueous  vapour,  it  volatilizes, 
partly  without  decomposition;  nevertheless  it  gives  off  a  small  quantity 
of  hydrogen  and  sulphurous  acid  gas,  and  leaves  sulphide  of  lead  mixeil 
with  metallic  lead  and  the  protoxido.  (Dcscotils.)  In  vapour  of  water  it 
evolves  hydrosulphuric  acid  gas,  and  becomes  covered  with  a  thin  film  of 
metallic  load.  The  first  products  formed  are  hydro.sulphuric  acid  and 
lead-<»xide;  the  latter  then  reacts  on  the  remaining  sulphide,  yielding  lead 
and  sulphurous  acid,  by  which,  again,  a  large  ])ortion  of  the  hydrosul- 
phuric acid  is  dectmiposod.  (Rognault,  Ann.  Chim.  Fht/s.  62,  381.) 
Pattinson  (>S'''///r.  50,  201)  obtainc<l  a  largo  <piantity  of  hydrosulphuric 
acid  gas  and  a  fused  residue. — Sulj»hide  of  lea<l  dissolves  in  strong 
hydrochloric  acid,  hydrosulphuric  acitl  l)eing  evolved  and  chloride  of  lead 
produced.  Chlorine  gas  does  not  decompose  it  at  ordinary  temperatures, 
but  on  the  application  of  heat,  the  compound  is  slowly  converted  into 
chloride  of  sulphur  and  chlori<le  of  lead,  the  latter  remaining  behind. 
(H.  Kosr-,  Fogg.  42,  540.)  The  chloride  of  lead  amounts  to  1 14"C8  per 
cent.  (Fellcubcrg,  Pogg,  50,  73.)  AV'hen  heated  to  whiteness  in  a  char- 
coal crucible,  it  yields   [with   evolution  of  sulphide  of  carbon]   first 
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disulpbide  and  afterwards  one-fourth  sulphide  of  lead.  (Foumet.)  Hy- 
drogen gas,  at  a  somewhat  powerful  red  heat,  converts  sulphide  of  lead 
into  sulphuretted  hydrogen  and  metallic  lead.  (Descutils.)  H.  Rose,  who 
at  Descotils'  suggestion  applied  less  heat,  obtained  no  decomposition. 
2  parts  of  sulphide  of  lead  ignited  in  a  porcelain  retort  with  1  part  of 
carbonate  of  soda  yield  53  per  cent,  of  lead,  together  with  an  eaiiily  fuj?ible 
slag,  containing  sulphide  of  load,  sulphide  of  sodium,  and  a  large  (quantity 
of  sulphate  of  lead-oxide : 

7PbS  +  4NaO  =  NaO,S03  +  3(NaS,PbS)  +  4Pb. 

The  same  mixture  ignited  in  an  open  crucible  yields  G3  per  cent.;  and  if 
heated  in  a  shallow  vessel,  the  heat  being  slowly  rai.sed  and  long  con- 
tinued, it  yields  from  75  to  80  per  cent.;  for  the  oxide  which  forms  by 
contact  with  the  air,  exerts  a  decomposing  action  on  the  sulphide  of  lead 
which  still  remains  dissolved  in  the  sulphide  of  sodium, — and  if  4  parts 
of  dry  carbonate  of  soda  bo  used  to  1  part  of  lead-sulphide,  the  separation 
of  the  lead  is  complete.  The  action  of  the  air  may  be  rephiced  by  that 
of  nitre.  If  10  parts  of  galena  be  fused  with  oO  parts  of  carbonate  of 
soda,  and  3  parts  of  nitre  added,  tlic  quantity  of  lead  reduced  amounts  to 
between  75  and  78  per  cent.  The  galena  may  llkewiriio  be  fused  with 
carbonate  of  soda  and  nitro  at  once.  1  part  of  sulphide  of  lead  fused 
with  4  parts  of  black  flux  yichls  75  parts,  and  with  4  parts  of  tartar, 
80  percent,  of  lead;  and  1  pt.  ]ea<l-sulphide  ignited  in  a  charcoal  crucible 
with  3  or  4  parts  of  carbonate  of  soda  yield  from  74  to  75  per  cent,  of 
metal.  Lime  or  baryta,  heated  to  wliitcnes.s  with  sulphide  of  lead  in  a 
charcoal  crucible,  dec(miposes  it  partially,  so  that  the  slag  of  sulphide  of 
lead  and  barium  or  sulphide  of  lead  and  calcium  coutaius  globules  of  lead 
mixed  with  it.  (Berthier,  Ann.  Chim.  Phys.  33,  156.)  Protosulphido 
and  protoxide  of  lead  decompose  one  another  without  fusion.  With  I 
atom  of  sulphide  and  2  atoms  of  litharge,  the  products  are  sulphurous 
acid  gas  and  metallic  lead : 

PbS  +  2PbO  =  3Pb  +  SO-. 

Any  excess  of  litharge  remains  uudecom})osed  on  the  top  of  the  lead;  if 
an  excess  of  sulphide  be  present,  a  lower  sulphide  is  formed.  But  if  tho 
litharge  already  contains  another  metallic  sulphide  in  soluti(m,  c.  g,  sul- 
phide of  zinc  or  sulphide  of  iron,  it  then  di.ssolvcs  the  lead-sulphide 
without  decomposing  it.  (Berthier,  Ann.  Chim.  Phi/s*  39,  202.)  Ac- 
cording to  Dobcrciner  {Schw.  17,  24S),  sulphide  of  lead  maybe  fused  with 
the  protoxide  without  decomposition.  I'rotosulphide  of  lead  ignited  with 
protoxide  of  copper,  yields  sulphurous  acid,  metallic  copper,  and  a  slag 
consisting  of  dioxide  of  copper  and  protoxide  of  lead.  (Karsteu,  Schw, 
Q^i  400.) — Iron  separates  load  from  the  sulphide  almost  entirely,  even 
when  the  sulphide  is  dissolved  in  sulphide  of  sodium.  10  ])art^  of 
sulphide  of  lead,  20  of  dry  carbonate  of  soda,  and  2  or  3  of  iron,  yield 
from  77  to  80  per  cent,  of  lead.  (Berthier.)  Recently  precipitated 
sulphide  of  lead  added  to  the  aqueous  solution  of  a  copper  or  silver  salt 
throws  down  sulphide  of  copper  or  sulphide  of  silver.  (Authon.)  Sulphide 
of  lead  is  not  decomposed  by  aqueous  sulphurous  acid,  nor,  at  a  red  heat, 
by  carbonic  oxide  or  carbonic  acid  gas. 

D.  P£NTA8ULpniDE  OF  Lead. — Lcad-salts  give  with  aqueous  penta- 
sulphide  of  potassium  a  brown-red  precipitate,  which,  in  a  few  seconds,  is 
"Asolved  into  a  nuxture  of  protosulphide  of  lead  and  free  sulphur. 
melius.) 
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E.  HrPoniLPHiTE  of  Lead-oxide. — Formed  by  precipitating  nitrate 
of  lead-oxide  with  hyposulphite  of  lime. — White  powder,  which  blackens 
even  below  100^.  When  raised  to  a  higher  temperature,  out  of  contact 
of  air,  it  gives  off  sulphurous  acid  gd»,  and  is  converted  into  sulpiiide  of 
lead  mixed  with  sulphate;  whcu  heated  in  contact  with  air,  it  burns  with 
a  feeble  flame.  It  dissolves  in  326G  parts  of  water.  (Herschel.)  Remains 
white  at  100^,  but  acquires  a  dark  colour  at  200 '.  When  heated  in  a 
retort,  it  yields  sulphur,  sulphurous  acid,  and  78*57  per  cent,  of  a  grey 
pulverulent  mixture  of  sulphide  of  lead  and  sulphate  of  lead-oxide.  It 
dissolves  in  aqueous  alkaline  hyposulphites,  forming  double  salts.  (Ram- 
mebberg,  Fo^g.  56,  308.) 

Herschel.  Rammelsberg. 

PbO   112      ....      70        70-3        09-34 

8W   48      ....      30 

PbO,S*0= 160      ....     100 

F.  Tetrathion'ate  of  Lead-oxide. — Iodine  added  to  aqueous  hypo- 
sulphite of  Jead-oxide  throws  down  iodide  of  lead,  while  tetrathionato  of 
lead-oxide  and  a  trace  of  iodide  of  lead  remain  in  solution.  (Fordos  & 
Geiiis.) 

G.  Tritiitonate  of  Lead -oxide. — Aqueous  trithionic  acid  forms 
with  lead-salts  a  white  precipitate  which  turns  black  whcu  heated. 
(Langlois.) 

H.  Sulphite  op  Lead-oxide,  or  Lead-sulpiiite. — Formed  by  double 
decomposition.  White,  tasteless  powder.  Gives  off  sulphurous  acid  gas 
when  heated,  and  leaves  a  mixture  of  sulphide  and  sulphate.  Strou^ 
nitric  acid  converts  it  into  sulphate.  Sulphuric  or  hydrochloric  acid 
expels  sulphurous  acid  from  it.     Insoluble  in  water. 

Gay-Lussac.  Thomson. 

PbO   112      ....      77-77        78        74-5 

SC)2 32       ....       22-22         22         25*5 


FbO,SO=  144       ....     10000        100        1000 

I.  Hyposulpiiate  of  Lead-oxide. — a.  Tmhasic  Salt. — Formed  by 
decomposing  6  or  c  with  excess  of  ammonia.  Soft,  white  powder,  having 
an  alkaline  reaction,  containing  about  81  parts  (10  At.)  of  load-oxide, 
5  pts.  (1  At.)  of  acid,  and  14  pts.  (20  At.)  of  water;  decomposed  by 
carbonic  acid;  very  sjjaringly  s«)luble  in  water. 

b,  Btbasici — By  decomposing  the  solution  of  c  with  an  insufficient 
quantity  of  ammonia.  Very  soft,  white  needles,  having  an  alkaline 
reaction.  When  digested  with  nitric  acid,  this  compound  is  converted 
iut^j  8.i'09  per  cent,  of  sulphate;  and,  if  sulphuric  acid  be  then  added  to 
the  liquid,  11  per  cent,  more  of  sulphate  is  precipitated.  It  gives  up  its 
excess  of  lead-oxide  to  the  carbonic  acid  of  the  air.  Difficultly  soluble  in 
water. 

c.  Monobasic. — Carbonate  of  lead-oxido  is  dis:?olved  at  a  gentle  heat 
in  aqueous  byposulphuric  acid,  and  the  solution  left  to  ttpontancous 
evaporation.  Large  crystals,  permanent  in  the  air;  they  belong  to  the 
hexugoiial  system,  and  arc  nearly  identical  in  form  with  those  of  the 
hyposulphates  of  strontia  and  lime.  Primary  form,  Fit/.  151;  r' :  f^=:  1 1 9". 
Taste,  very  sweet  and  somewhat  rough.  The  salt  when  ignited  yields 
69*36  per  oent  of  leadHBulphate.     Very  ea«ily  soluble  in  water.  (Heereu.) 


Crytlalliiid.  Hecren. 

PbO 112       ....       50-91  51-04 

PO* 72       ....      32-!.l  33-01 

4H0 - 3S       ....       16-30  15'95 

PbO,S"0'  +  iAq. 220       ....     100-00  ~.  100-00 

K.  Sulphate  op  Lead-oxide,  or  Lead-sclphate. — a.  Batie. — • 
1.  Aqueous  ammonia  digested  vith  salt,  b.  removes  only  a  part  of  tbe 
Bulphario  acid.  (Vauquelin,  Scker.  J.  i,  56.) — 2.  MonosutphaW  of  lead- 
oxide  is  rendered  much  more  fusjlile  by  the  addition  of  more  oxide.  One 
atom  of  lead-oxide  forms  with  1  atom  of  the  Gulphatc,  a  colourless,  eatsily 
fusible  mixture,  which,  ou  cooling,  cryfilalliMS  in  transparent  and  colour- 
leas  prisma;  with  2  atoms  of  the  sulphate,  it  fuses  at  commencing  wiiit«- 
nesH  and  yields  a  fibrous  enamel;  with  4  or  8  atoms  of  the  sulphate,  a 
white,  translucent,  somewhat  crystalline  glass  is  formed.  (Bcrthier,  Ann, 
CMn.  fhi/i.  43,  287.) 

b.  Monobasic. — Found  native,  in  the  form  of  Lead-vitriol.  Some 
specimens  of  the  native  sulphate,  formed  from  galena,  are  still  cleavable 
in  tbe  direction  of  the  cubical  faces. — This  salt  is  formed:  1.  Wlicn  oil  ot 
vitriol  is  heated  with  lead. — 2.  Slowly,  when  lead  is  placed  in  contact 
with  aqueous  sulphuric  acid  and  with  the  iiir. — 3.  By  contact  of  sul- 
phuric acid  with  lead-oxide  or  its  salts. — i.  By  contact  of  sulphuric 
B«id  with  red  or  brown  peroxide  of  lead,  Lcaa-oxido  does  not  absorb 
the  vapour  of  anhydrous  sulphuric  acid  at  ordinary  temperatures.  (H. 
Rose,  Foffg.  33,  fH.) — Kuhlmau  {Ann.  Pkarm.  38,  366)  obser\-ed  tiwt 
when  tho  acid  vapours  in  a  vitriol-work  were  made  to  pass  froui  the  first 
leaden  chamber  into  several  others,  in  order  to  condense  tho  whole  of  the 
sulphuric  acid,  the  leaden  plates  were  rapidly  corroded  by  the  excess  of 
liyponitric  acid  present,  and  Gulphate  of  lead-oxide  was  formed  in  the 
ehapo  of  silky  needles  and  laniinic,  of  specific  gravity  6-07. 

The  native  sulphate  belongs  to  the  right  prismatic  system;  Firj,  46, 
47,  and  other  forms,  produced  more  especially  by  the  entry  of  the  facea 
M,  m,  and  (,  Cleavage  parallel  to  i,  y,  and  w;  i  :  i'=7fl''  12';  v  :  y  — 
101^32';  iiy^Md"  51'  (Hauy)  w  :  m  =  104=;  the  angles  exactly  equal 
to  those  of  Coelestine.  (Mitscherlicb.')  Specific  graviW  61691  (Karsten); 
6298  (Mobs).  Hardness  equal  to  that  of  calcspar.  Transparent,  colour- 
less, with  an  adamantine  lustre. — The  artificial  variety  forms  a  white, 
loosely  coherent  mass,  or  a  white  powder, — Fuses  at  a  rod  heat  and 
forms  a  crystalliue  solid  on  cooling'. 

Klaprotb.       Berzcliua.  Bertbier.  Bucholi. 

PbO 112    ....     73'684     ....     r.1-5     ....     73-615      .,.,      73-95  ....  71 

SO" 40     ....     26-316    ....     S6-a     „..     26-,t85      ....      26-01  ....  2fi 

PbO, SC        152    ....  100-000     ....  lOO-O    ....  lOO-OUO      ....  100-00  Z.  100 

Not  decomposed  at  the  higbest  temperature  when  heated  alone. 
When  ignited  with  silica  or  clay,  it  gives  off  all  its  acid  in  the  form  of 
sulphurous  acid  and  oxygen  gaa.  Heated  to  redness  with  68  per  cent,  of 
lead  or  0-3  of  charcoal,  it  yields  pure  vitrofied  oxide;  with  G  per  cent, 
of  charcoal  at  thu  same  tem]>crature,  it  yields  63  percent,  of  mctaJlic 
lead,  on  the  surface  of  which  a  small  quantity  of  fused  oxide  floats;  with 
0  per  cent,  of  charcoal,  sulphurous  acid  is  evolved,  and  71  per  cent, 
of  lead  coutaining  sulphur  ((17  lead  to  4  sulphur)  produced.  (Bcr- 
thier, Ann.  Chim.  Ph-j,.  20,  275.)  When  lead-sulphate  is  heated  to  low 
roducHS  with  excess  of  charcoal,  carbonic  acid  is  evolved  without  any 
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salphnroiu  acid,  and  sulpbide  of  lead  remains  behind;  with  equal  num- 
bers of  atoms  (152  load,  6  charcoal)  also,  provided  the  temperaturo  be 
kept  low,  nothing  but  carbonic  acid  it)  evolved,  and  only  half  of  the  salt 
18  rednced  to  the  state  of  sulphide: 

2(PbO,SOS)  +  2C  =  PbO,S(>"'  +  PbS  +  2C02. 

If  the  heat  be  then  raised,  the  sulphide  and  sulphate  decompose  each 
other,  forming  snlphnrous  acid  and  metallic  lead: 

PbO,  S0»  +  PbS  =  2Pb  +  2S0S 

With  2  atoms  of  lead-sulphate  to  1  atom  of  charcoal  (304  lead,  6  cliar- 
coal),  i  at.  sulphide  of  lead  is  produced  at  a  moderate  red  heat: 

4(PbO,SO>)  +  2C  =  3(PbO,SO^  +  PbS  +  2CO-. 

at  a  stronger  red  heat,  this  half-atom  of  sulphide,  together  with  1 1  at. 
sulphate,  yields  sulphurous  acid  gas  and  protoxide  of  lead: 

3(PbO,SO»)  +  PbS  =  4PbO  +  4S02. 

(Gay-Lussac,  Ann.  Chim,  Phys,  C3,  454;  also  t/.  pr.  Chem.  11,  68.)— 
Sulphate  of  lead-oxide  ignited  in  a  curreut  of  hydrogen  gns  yields  water, 
sulphurous  acid,  and  finally  hydrosulphuric  acid,  whilst  a  mixture  of 
metallic  lead  and  sulphide  of  lead  is  left  behind.  (Arfvcdson,7'o^/7. 1,73.) 
—When  fased  with  an  equal  number  of  atoms  of  common  salt,  it  gives 
off  dense  fumes  of  chloride  of  lead,  and  yields  a  compact  grey  mass  with 
a  scaly  fracture.  With  ^  At....l  At.  chloride  of  barium,  it  fuses  imper- 
fectly, giving  off  chloride  of  lead,  and  forming  a  wliite  enamel  with  a 
granular  fracture.  (Berthier.) — By  aqueous  carbonate  of  ammonia  or 
carbonate  of  potash,  it  is  converted  into  carbonate  of  lead-oxide. — It 
dissolves  completely  in  warm  ammonia,  and  separates  from  the  solution 
[as  a  basic  salt?]  on  cooling.  (Wittstein.)  It  is  slightlv  decomposed  by 
a  cold  solution  of  sal-ammoniac,  to  a  greater  extent  on  boiling,  and  com- 
pletely, when  repeatedly  boiled  with  fresh  quantities  of  sal-ammoniac, 
the  products  l)eing  chloride  of  lead  which  crystallizes  on  cooling,  and 
sulphate  of  ammonia.  (A.  Vogel,  J.  pr.  Ghent.  2,  196.)  It  di-^solves 
completely  in  a  boiling  solution  of  hydroclilorate  or  succinate  of  ammonia, 
but  does  not  separate  out  on  cooling.  (Witt.stein,  liepert.  63,  3*20.)  Tho 
solution  in  cold  sal-ammoniac  is  precipitated  by  a  very  large  excess  of 
ammonia.  (Brett.) — By  nolution  of  common  salt,  it  is  1»ut  very  slightly 
decomposed.  (Bley,  A\  ^r.  26,  2,  202.)  — It  dU-olvos  in  060' parts  of 
aqueous  nitrate  of  ammonia  of  specific  gravity  1-2,0.  Tho  .^-olution  is 
rendcre<l  turbid  by  sulphate  of  potash,  not  by  sulphuric  acid,  because  tho 
latter  sets  nitric  acid  free,  which  then  exerts  a  still  stronger  .solvent 
action. — It  dissolves  in  47  parts  of  aqueous  acetate  of  ammonia,  of  .<^i)ecific 
gravity  1*36,  forming  a  solution  which  is  precipitated  by  inilphuric  acid 
and  sulphate  of  potash.  (Biachof,  Schw.  51,  228.) — When  digestiMl  witii 
aqueous  nitrato  of  baryta  containing  excess  of  acid,  it  yields  nitrate  of 
lend  oxide.  (Tlienard.) — It  dissolves  slightly  in  heated  hydrochloric  acid, 
the  solution  depositing  a  small  quantity  of  chloride  of  load  on  cooling, 
while  free  sulphuric  acid  remains  in  tlic  licpiid.  (Descotils,  N.  Gehl,  2, 
175.) — On  evaporating  the  hydrochloric  acid  solution  (but  not  on  boiling), 
the  chloride  of  lead  is  decomposed.  (Hayes.) — Sulphate  of  lead  oxido 
dissolves  in  nitric  acid,  tho  more  readily  in  proportion  as  tho  acid  is 
warmer  and  more  concentrated.     At  12*5"^,   it  dissolves  in  172  p:irts  of 
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nitric  acid  of  specific  gravity  1*144.  Water  does  not  render  the  solution 
turbid,  but  sulphuric  acid  precipitates  it  completely;  it  is  likewise 
precipitated  by  carbonate  of  ammonia.  (Bischof.)  Dilute  nitric  acid 
altso  dissolvoH  it,  tliouL^h  slowly;  the  solution  is  not  precipitated  by 
pho.sphoric  or  hydrochloric  acid,  and  not  at  all,  or  but  very  slightly,  by 
alkaiiue  sulphates;  it  is  precipitated,  however,  by  tartaric  acid,  and  more 
especially  by  dilute  sulphuric  acid :  the  larger  the  excess  of  nitric  acid 
preseut,  the  greater  is  the  quantity'  of  sulphuric  acid  required  to  produce 
a  precipitate.  The  preci])itatiou  is  grailual,  and  if  the  quantity  of  nitric 
acid  be  not  too  great,  almost  complete.  ( Wackeuroder,  Anii,  Fharm.  41, 
319.)  The  solution  of  ]ead-sul])hate  in  nitric  acid  yields,  on  evaporation, 
delicate  needles  of  sulphate,  and  likewise  octohedrons  of  the  nitrate. 
(Kobell,  Kastn.  Arch,  5,  93.) — Oil  of  vitriol  dissolves  sulphate  of  lead- 
oxide  more  abundantly  than  dilute  sulphuric  acid;  but,  according  to 
Hayes,  the  ordinary  oil  of  vitriol  of  commerce  dissolves  a  greater  quantity 
than  a  more  concentrated  acid.  Water  separates  the  salt  from  the  solu- 
tion, the  more  completely  as  the  dilution  is  carried  to  a  greater  extent, 
so  that  ultimately  only  a  trace  remains  in  solution.  —  5  Dupasquier 
{J.  pr,  Ckem.  31,417)  found  that  sulphuretted  hydrogen  produced  no 
precipitate  in  strong  sulphuric  acid  which  had  been  boiled  with  recently 
precipitated  lead-sulphate;  but  when  the  acid  was  diluted  with  water, 
the  sulphate  was  precipitated,  and  then  exhibited  the  usual  reaction  with 
sulphuretted  hydrogen;  the  effect  produced  by  water  is  of  course  equally 
produced  by  any  stronger  base.  IT  According  to  Hayes  (Sill,  Amer.  J. 
17,  195),  the  cold  solution  of  lead-sulphate  iu  strong  sulphuric  acid,  is 
also  rendered  turbid  and  precipit:ited  by  hydrochloric  acid,  because  the 
chloride  of  load  which  it  forms  is  in.soluble  in  cold  oil  of  vitriol ;  but  the 
precipitate  disappears  on  heating. — In  pure  water,  sulphate  of  lead-oxide 
18  less  soluble  than  sulphate  of  strontia,  but  more  soluble  than  sulphate 
of  baryta.  IT  According  to  Fresenius  (Ajiji.  Pharin.  59,  12;>),  1  part  of 
lead-sulphate  diii>solves  in  22816  parts  of  pure  water  at  11^  C,  and  in 
36504  parts  of  dilute  sulphuric  acid.  IF 

L.  Sulphate  and  Carbonate  of  Lead-oxide. — a,  LeadJi'dlUe, — 
(3PbO,CO*),  +  PbO,SO^ — Yellowish  or  greenish  white  rhombic  prisms, 
the  angles  of  the  kteral  edges  being  equal  to  107^  30'  and  72^  30'.  Sp. 
gr.  =  6-3...6-5.  (Brooke.)— 6. Za»ariiV«.—PbO,CO'-|-PbO,SO'.— Greenish 
or  yello(\'ish  white  acute  rhombohedrons  and  six-sided  prisms,  of  specific 
gravity  6*8 — ^7*0;  effervesces  slightly  with  nitric  acid.  (Brooke.) 
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M.  SuLPiiocARBOXATE  OF  Lead. — Accordiug  to  Berzelius,  lead-salts 
give  a  dark  brown  precipitate  with  sulphocarbouate  of  calcium,  and, 
according  to  Zeise,  a  red  precipitate  with  sulphocarbouate  of  ammonium. 
The  deep  yellow,  supernatant  liquid  becomes  colourless  in  the  course  of 
24  hours.  (Berzelius.)     The  precipitate  is  black  after  drying,  takes  a 
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polish  by  pTeasnrOy  and  when  distilled,  gives  off  bisulpliide  of  carbon,  and 
is  conTerted  into  sulphide  of  lead.  (Berzelius.)  The  precipitate  is 
decomposed  in  a  few  hours  under  water  at  ordinary  temperatures,  and 
more  slowly  nudcr  alcohol,  yielding  sulphide  of  lead  and  bisulphide  of 
carbon,  whereby  its  red  colour  is  changed  t(»  black.  If  it  be  quickly 
dried  in  vacuo  over  oil  of  vitriol,  and  tlien  heated,  sulphide  of  carbon 
sublimes  in  drops,  and  sulphide  of  lead  remains  behind.  Cold  Iiydro- 
ealphate  of  ammonia  and  heated  potash-ley  instantly  blacken  the  red 
precipitate  by  withdrawing  the  sulphide  of  carbon.  ludinc,  nitric  acid^ 
and  oil  of  vitriol  produce  no  change  in  the  compound  at  ordinary  tempe- 
ratures. 

Lead  and  Sklkxium. 

A.  Selenide  of  Lead. — Found  as  a  mass  closely  resembling  galena. 
Sp.  gr.  G'S.  (Comp.  Ziuken,  II.  RoiiC,  Pof/tj.  3,  274,  and286.)— Leatl  and 
selenium  combine,  with  evolution  of  light  and  heat,  and  fonn  a  grey, 
porons,  soft  mass,  which  becomes  fc^ilver- white  by  burnishing.  The  com- 
pound when  ignited  in  ojien  vessels,  evolves  without  fusion  (the  native 
selenide  with  decrepitation),  first  a  small  quantity  of  selenium,  and  after- 
wards of  selenide  of  load  in  white  fumcij.  When  roasted  on  charcoal 
before  the  blowpipe,  it  imparts  a  blue  colour  to  the  dame,  gives  off 
selenium,  producetj  a  red,  yellow,  and  white  depo.sit  on  the  charcoal,  and 
is  gradually  converted  into  bas^ic  selenitc  of  lead-oxide,  which  imme- 
diately sinks  into  the  charcoal,  leaving  a  /silvery  film  of  reduced  selenide 
of  lead. — Cold  nitric  acid  dissolves  the  lead,  ilcpositing  red  t*clenium, 
which,  on  the  application  of  heat,  di^^solve^s  in  the  form  of  seleuious  acid. 
(Berzelius.)  The  powder  yields  with  oil  of  vitriol,  first  a  brownish,  then 
a  greeuibh,  and  thou  a  red-brown  mixture.  If  water  be  added  while  tho 
mixture  is  greenii^h,  the  colour  changes  to  a  beautiful  red.  (Zinken, 
IT,  Ti\  12,  2,  278.) — A  small  quantity  of  selenium  mixed  with  lead, 
renders  it  whiter,  less  ductile,  and  less  fusible.  (Bcrzcliusi.) 
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B.  Selemte  of  Lead-oxide,  or  Lead-selemti:. — a.  Basic, — By 
strongly  igniting  6,  or  by  treating  it  with  carbonate  of  ammonia. — Trans- 
lucent, friable,  fusible  substance,  having  a  crystalline  fracture. 

b.  Mouohask. — Found  native,  sometimes  alone,  sometimes  mixed 
with  Tile-ore  (A'/////o'/)«'/ft';-c).— ^^elenious  aeid  and  alkaline  selenites  j)re- 
cipit'ite  load-oxide  from  its  sohiticm  in  liydrorldoric  or  nitric  aeid :  in  tho 
latter  ca^^e,  however,  the  jirccipitatc*  retains  a  small  portion  of  nitric  acid. 
The  pure  salt  is  obtained  by  precipitating  aqueous  chlori<le  of  lea«l  with 
excc-<s  of  selenite  of  ammonia. — While,  heavy  powder,  which  fuses  almost 
a*  reailily  as  horn-lead,  forming  a  yellowish  tnin.slucent  li(|uid,  which,  on 
ccwding,  yields  a  white,  opaque  substance,  having  a  crv-^talline  fracture. 
At  a  strong  red  boat,  it  gives  otf  selenious  acid  witii  ebullition,  and  loaves 
the  salt «.  Decomposed  with  «lifliculty  by  boiling  suljduiric  acid.  Scarcely 
Holuble  in  water,  even  when  free  eelenious  acid  is  present.  (Berzelius.) — 
The  native  selenite  has  a  globular  structure,  fibrous  fracture,  and  sulphur- 


/ 
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yellow  colour.  It  decrepitates  when  heated,  without  giving  off  water, 
and  at  a  red  heat  fuses  into  black  drops,  evolving  a  small  quantity  of 
selenium,  and  afterwards  sclenious  acid,  when  the  heat  is  still  further 
increased.  On  charcoal,  before  the  blowpipe,  it  fuses  to  a  black  slag, 
evolving  a  strong  odour  of  selenium,  covering  the  charcoal  with  lead- 
oxide,  and  yielding  reduced  lead  in  ductile  grains,  the  reduction  being 
attended  with  ebullition.  It  dissolves  in  warm  nitric  acid  without  effer- 
vescence. (Karsten,  Pogg,  46,  277.) 

Berzelius. 

PbO    112       ....       66-67         66-67 

Si'0=  56       ■■■■       33-33         33-33 

PbO,SeCy-\...       168       ....     10000         100-00 

C.  Sklemate  of  Lead-oxide,  or  Lead-seleniate. — By  precipitating 
seleniate  of  soda  with  nitrate  of  lead-oxide  (11.,  240).  White  powder, 
insoluble  in  water.  (Mitschcrlich.) 

Lead  and  Iodine. 

A.  Iodide  op  Lead. — 1.  Formed  by  precipitating  a  lead-salt  with 
aqueous  hydriodic  acid,  iodide  of  potassium,  or  iodide  of  iron  (Gay-Lussac) 
or  nitrate  of  lead-oxide  by  iodide  of  potassium  (Bouliay,  xinn.  Chim.  Phys. 
34,  46),  or  acetate  of  lead-oxide  by  iodide  of  i)otassium.  The  lead- 
acetate  must  not  be  in  excess,  otherw'ise  oxy-iodide  of  lead  will  be  precipi- 
tated together  with  the  pure  iodide.  (Ingfis,  Brandcs,  Ami.  Pharm,  10, 
266.)  When  acetate  of  lead-oxide  is  added  in  successive  portions  to  iodido 
of  potassium,  the  iodide  of  lead  is  first  precipitated  as  a  yellow  powder, 
and  afterwards  iu  yellow  lamiuo)  resembling  those  of  mosaic  gold,  and  the 
liquid,  which  retains  a  small  quantity  of  iodide  of  potassium,  turns  acid; 
acetate  of  lead-oxide  added  in  excess  to  this  liquid  forms  jiale  yellow, 
shining  scales,  containing  ox^'-iodide  of  lead.  If  a  solution  of  1  part  of 
iodide  of  potassium  iu  10  parts  of  water,  be  mixed  with  a  very  small 
quantity  of  acetic  acid,  the  addition  of  lead-acetate  produces  crystalline 
iodide  of  lead  at  once;  but  if  too  much  acetic  acid  is  present,  the  iodido 
remains  dissolved,  and  does  not  separate  till  the  acid  is  neutralized  by 
potash  or  ammonia.  The  crystals  are  finer  as  the  solutions  are  moro 
dilute.  (0.  Henry,  J,  Pharm.  17,  267.) — To  obUiin  itnlide  of  lead  in  fino 
ciTstals,  <lifcSC)lve  1  part  of  iodide  of  potassium  in  10  parts  of  water,  then 
add  a  suiHcicnt  quantity  of  iodine  to  give  the  liquid  a  slight  yellowish- 
brown  colour,  and  precipitate  by  gradually  jwldiug  a  dilute  solution  of 
lead-acetate.  (Hoppf,  Kasln.  A  rch.  22,  71.)  The  product  may  be  purified 
by  crystallization  from  a  solution  iu  boiling  water.  (Boul lay,  Brandos.) 
— When  iodide  of  potassium  is  precipitated  by  acetate  of  lead-oxide 
mixed  with  acetic  acid,  a  greenish  or  dark  blue  iodide  of  lead  is  thrown 
down,  containing  excess  of  io<line  which  cannot  be  extracted  by  water, 
but  may  be  dissolved  out  by  alchohol  or  by  aqueous  solution  of  potash. 
When  iodide  of  iron  is  precipitated  by  acetate  of  lead-oxide,  the  preci- 
pitate contains  a  small  quantity  of  iron,  which  may  be  almost  wholly 
extracted  by  water  acidulated  with  acetic  acid. — 2.  Iodide  of  lead  may 
be  obtained  in  octohedrons  by  electrolytic  action.  (Becquerel,  vid.  1., 
401.) 

Orange-yellow  powder,  or  golden-yellow,  flexible  six-sided  ilamiuic 
(BouUay,  Dcnot);  short  six-sided  prisms  (Inglis).  Specific  gnivity 
6*0282  (Karstcn),  6  110  (P.  Bouliay).     Acquires  a  reddish-yellow  colour 


ben  liented,  afterwarila   becomiog  brick-red  and    rod-brownish-btfuik. 

0.  Henry,  Braiidea.)  Fuaea  when  somewhat  strongly  heated  (Gay- 
Loum),  funning  a  translucent,  red-brown  litiuid,  which,  on  cooline, 
MlJdiBeB  in  a  yellow  raaas.  (Drandca.)  VolatiJJxea  at  a  atronff  red  head, 
(a  Da,,.) 


Pb.... 

,.      126     . 

.     *5-22 
,     54-78 

IttMinar. 

..      44  98     . 

5S'02      . 

DenoL 

.     44-10 
.     54-85 

O.  Henry. 

..     50-27     ....     52-00 

0-  Henrj  cslculntes  bii  anslfses  difTerently;  but  hii  calculstioni  ire  incorrect. 

Iodide  of  lead  gives  off  iodine  when  heated  [in  contact  with  the  air], 
OtA  the  lemon-yellow  moss,  after  cooling,  dissolves  for  the  moat  part  in 
bailing  water,  leaving  a  residue  of  oxy-iodide  of  lead.  (Brandes.)  When 
beateain  chlorine  gas,  it  is  convertod  into  chloride  of  lead.  (Brandos.) — It  ia 
decomposed  by  boiling  with  water  and  iron,  or  still  more  readily  with 
BDG,  yielding  metallic  lead,  and  iodide  of  iron  or  zinc,  which  dissolves. 
(BerUieiDot, /.  PActrm.  13,4]2.)  Wben  boiled  with  w^ter  and  carbonate 
bf  soda,  baryta,  atrontia,  Hmo,  or  magnesia  (most  slowly  wiiU  the  last),  it 
Fields  carbonate  of  leod-oxidc,  and  a  solution  of  iodide  of  sodium,  barium, 
ko.  (Bertbomot.)  Dissolves  in  aqueous  sal-ammoniac  even  when  cold 
[Brett),  more  abundantly  in  a  hot  solution, — and  as  the  liquid  cools, 
Fellowisb-wbite  needles,  probably  of  a  double  iodide,  separate  oDt. 
Boullay.)  In  aijueous  ammonia,  or  nitrate  or  succinate  of  ammonia,  it 
llowly  turns  white  without  dissolviiDg;  in  carbonate  or  sulphate  of 
nmnonia  the  change  takes  place  more  quickly.  (Wiltstein,  Reyrrt.  63, 
831.) — By  repeated  boiling  witb  ether,  wUich  eictraeta  the  iodine  and 
tlicreby  acquires  an  orange-yellow  colour,  it  is  converted  into  pate  yellow 
Bxy-iMidoof  load.  (A.  Vogel,  J.pr.  Ckem.  22,  148.) — Dissolves  in  1235 
barts  of  cold,  and  in  104  parts  of  boiling  water  (Denot);  in  187  parts  of 
Boiling  water.  (Berlhcmot.)  The  eolation  ia  colourless  (Denot),  and  if 
ilurated  wbile  hot,  deposits  crystals  of  pure  iodide  of  lead  on  cooling. 
(Boallfty.)  When  tbis  compound  is  dissolved  in  boiling  water,  a  faint 
pdosr  of  iodine  becomes  apparent,  (Caventou,  J.  Pharm..  IT,  26lj.)  Tbe 
Bfystalaof  pare  iodide  of  lead  are  completely  soluble  in  water  (BrandeB)i 
kajroxy-iodide  of  lead  that  may  be  mixed  with  them  remains  undiesolveo. 
(Cnventou.)  The  addition  of  acetic  acid  to  the  water  does  not  increase 
VM  solubility  of  the  pure  iodide.  (Denot,  J.  fkarm.  20,  1;  also  J,  pr. 
.  1,  425.) — Iodide  of  lead  dissolves  in  a  concentrated  solution  of 
9  of  potassium,  sodium,  barium,  strontium,  calcium,  or  magnesium, 
is  again  completely  precipitated  on  the  addition  of  water.  (Bcr- 
not.) — It  appears  also  to  be  slightly  soluble  in  alcohol,  (0.  Henry.) 

B.  Oxr-itiDiDE  OP  Lead. — a.  PbI,PhO. — 1.  By  precipitating  iodidu 

if  polMHtiuiu  witli  a  very  large  excess  of  lead-acetate.     The  precipitate 

I  left  for  a  while  in  contact  with  the  liquid,  and-tben  boiled  with  water 

to  extract  the  free  iodide  of  Ica^l.     'IJio  orange-yellow  colour  of  tbe 

ipitate  changes  to  a  paler  yellow,  und  the  liquid  is  found  to  contain 

■cetto  acid.     Also  when  10U   parts  of  iodide  of  lead  are  left  for 

neral  days  in  contact  with  solution  cf  lead-acetate,  and  o^tattid  every 

iMr  uid  then,  a  quantity  of  oxy-iodi<lo  is  obtained  amounting  to  147  or 

«B  parts.  (Brandes,  Ana.  Fliarm.  10,  S69.)— Dciwt  (/.  Fkarm,  20,  1) 
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drops  iodide  of  potassium  into  a  solation  of  Icad-acetato  which  has  been 
exposed  to  the  air,  and  boils  the  precipitate  with  water. — Gregory 
{J,  Pharm.  18,  24),  by  mixing  dilute  solutions  of  iodide  of  potassium  and 
sugar  of  lead,  obtained,  on  cooling,  small,  dingy  greenish-yellow  needles, 
mixed  with  a  few  orange-yellow  crystals  of  iodide  of  lead,  which  could  be 
completely  removed  by  boiling  water.  The  analysis  of  these  needles  is 
given  below;  Gregory  regards  them  as  din  iodide  of  lead,  Pb-I.  In 
subsequent  trials,  however,  he  did  not  succeed  in  obtaining  these  needles 
[probably  because  he  did  not  use  the  lead  solution  in  excess]. — 2.  By 

frecipitating  iodide  of  potassium  with  ordinary  subacetato  of  lead-oxido 
which  usually  contains  about  2  At.  lead-oxide  to  1  At.  acetic  aci<l]. 
(Brandes.) — Pale  lemon-yellow  precipitate,  or,  according  to  Gregory, 
greenish-yellow  needlos. — Fuses  between  200^  and  300',  giving  off  white 
fumes  mixed  with  vapour  of  iodine,  and  leaves  an  amber-coloured,  trans- 
parent, very  elastic  glass,  containing  iodine  and  silica,  bosides  oxide  of 
lead.  ^Denot.) — When  heated  in  chlorine  gas,  it  is  converted  into  chloride 
of  lead.  (Brandes.) — When  treated  with  acetic  acid,  it  gives  ni)  lead-oxide, 
the  iodide  remaining  undissolved.  (Brandes,  Denot.) — Insoluble  in  boiling 
water.     Not  altered  by  aqueous  iodide  of  potassium.  (Brandes.) 


Or: 

Pbl    

PbO  

Calculation, 

230         

112         

67-25 
32-75 

Pbl,  PbO 

..     208     ... 
..     126     ... 

o         ... 

342         

Brandes. 
6013       

100-00 

Dcnot. 

(1) 
60-45       .. 

36-88       .. 

2Pb. 
I  ..  . 

60-82 
36-84       . 
2-34 

Greg^r]f 

62-1 
37*9 

O.... 

342     ...  100-00  100-0 

h,  PbI,2PbO. — By  precipitating  trisacetate  of  lead-oxide  with  excess 
of  iodide  of  potassium. — c.  PbI,5PbO. — By  decomposing  sexbasic  acetato 
of  lead-oxide  with  excess  of  iodide  of  potassium.  Denot  speaks,  indee*!, 
merely  of  lead-acttate  (^Acetate  pi omhique),  but  there  is  no  doubt  that  he 
alludes  to  the  sex-basic  salt. — The  compounds  b  and  c  behave  like  a, 
when  fused.  (Denot.)  Oxy-iodide  of  lead  is  also  formed  on  boiling 
iodide  of  lead  with  carbonate  of  lead- oxide  in  water.  (Denot.) 


PbT    

2PbO 

230 
224 

454 

...     50-66 
...     49-34 

...  100-00 

Or: 

3Pb 

I 

20  

.     312 

.     126 

16 

...     68-72 
...     27-76 

Denot. 
....         67-3 
26-6 

>  •>•                    i)*0 

PbI/2PbO... 

454 

...  100-00 

97-4 

Ik  According  to  Kiihn  {Arch,  Pharm,  [2],  50,  2S1),  the  precipitate 
formed'>by  iodide  of  potassium  in  trisacetate  of  lead-oxide  is  not  PbI,2Pb0, 
but  Pbl/fbO  +  HO. — Ammonia  added  in  excess  to  a  boiling-hot  solution 
of  iodide \|f  lead,  forms  a  white  precipitate,  which  turns  yellow  when 
gently  heated,  and  corresponds  nearly  to  the  fommla  PbI,3PbO  ■\-  HO.  IT 

C  Iodide  oi^  Lead  and  Hydrogen. — 1.  Aqueous  hydriodic  acid, 
exposed  for  some  t.""0  to  the  air  in  contact  with  lead-filings,  gradually 
deposits  white  crysi^^^ls,  which  dissolve  when  the  whole  is  boiled,  and 
asBume  a  finer  appeadl^K^o  on  cooling. — 2.  The  solution  of  iodide  of  lead 
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in  bot  aqneons  hydriodio  acid  yields  the  same  crystals  on  cooling.— 
White  eiTstals  having  a  silky  lustre.  The  cnniponnd,  when  kept  in 
▼acno  OT  in  dry  air,  gradnally  gives  off  hyilriodic  acid  and  loaves  iodide 
of  lead:  the  same  change  takes  place  quickly  on  the  aj'plication  of  heat. 
Cold  water  likewise  extracts  the  hydr iodic  acid  with  only  a  small 
quantity  of  iodide  of  lead.  Boiling  water  dissolves  the  salt  completely, 
but  the  liquid,  on  cooling,  deposits  crystallized  iodide  of  load,  and 
retains  the  hydriodic  acid  in  solution.  (Guyot,  ./.  Chiin.  Med.  VI,  247.) 

When  fused  iodide  of  lead  is  decomposed  in  the  voltaic  circuit,  iodine 
is  evolved  at  the  positive  pole,  hut  a  periodido  of  lead  serms  likewise  to 
be  formed,  which  evolves  iodine  when  heated  somewhat  strongly.  (Fara- 
day, Exp.  Res.  in  EL  1,  236;  also  Pogfj,  33,  485.) 

D.  Basic  PeriodUe  of  Lead-oxhle  ? — a.  L'fue  Salt. — First  observed  by 
Denot. — I.  A  solution  of  1  At.  iodine  in  1  At.  aqueous  soda  (carbonate 
of  soda  is  not  so  good)  forms  with  nitrate  or  acetate  of  lead-oxide,  a 
transient  violet-red  precipitate,  which  decomposes  s])ontaneously  uutier 
water,  yielding  iodine  and  a  beautiful  blue  j)owder. — 2.  But  if  only 
i  At.  or  i  At.  iodine  is  dissolved  in  1  At.  soda,  the  blue  precipitate  forms 
immediately,  and  the  solution  retains  but  a  trace  of  iodine. — 3.  Also, 
when  hydrated  lead-oxide  is  triturated  with  iodine  j)rccipitated  by  water 
from  an  alcoholic  solution,  a  violet-red  mass  is  obtained,  which,  after  a 
while,  gives  off  iodine  and  turns  blue. — The  blue  powder  gives  off  no 
iodine  in  vacuo;  it  likewise  remains  unaltered  in  water  and  in  solutions 
of  lead- acetate  and  of  sugar,  but  the  weakest  acitls,  oven  the  carbonic 
acid  uf  the  air,  sei)aratc  iodine  from  it  and  form  a  lead-salt.  When 
heated  alone,  it  does  not  evolve  iodine,  but  turns  greenish-yellow, 
perhaps  from  formation  of  iodide  of  lead  and  basic  lodate  of  lead-oxide, 
(Duran.l,  A\  J.  Pharui.  2,  311.) 

h.  Violet  Salt. — Litharge  exerts  little  or  no  action  on  a  mixture  of 
ioilinc  and  water,  even  witli  the  aid  of  heat;  but  pure  hydi-atc*  of  lead- 
oxide  mixed  with  iodine  and  cold  Avater  forms,  in  a  few  seconds,  a  pale 
violet-coloured  compound,  which,  after  the  excess  of  iodine  has  been 
expelled  by  boiling,  must  be  washed  and  then  dried  out  of  contact  of  air. 
The  hydrateil  lead-oxide  may  likewise  bo  treated  with  an  alcoholic 
8oluti<in  of  iodine,  and  the  excels  of  iodine  remove«l  by  washiui;  with 
alcohol. — Tho  pale  violet  compound  coulaiiis  83*82  ]»er  cent.  (U  At.)  of 
lead-oxide  and  ]6*23  j)er  cent.  (1  At.)  of  iodine. — At  a  strong  red  heat, 
it  gives  off  oxygen  gas  and  loavps  iodide  (»f  lead  [mixed  with  oxide]. 
It  ab.-ioibs  carbonic  acid  fnnn  the  air  with<»nt  evolving  iodine.  The 
stronger  acids  separate  iotline  fiom  it.  Caustic  jxita^h  di.-solves  it 
gnidually.  It  is  but  .slowly  decomposed  by  boiling  with  water,  and  does 
n(»t  yiehl  iodine  to  alctdiol. — To  (Jitaiu  the  blue  componn<l  a^  hydrated 
lead-oxido  must  be  mixed  with  iodine  ami  water,  and  a  few  droj)s  of 
iiitrat«»  or  acetate  of  lead-oxide  addod.  (Janimes,  A'.  J.  P/tnnn.  3,  3."'Hl.) 
—  [Can  tiie  comjionnd />  be  composed  of  Pbl-j  llPbO,IO,  and  tiie  coni- 
]M>und  a  distinguished  from  it  by  CMntaii.inglo-r.s  oxide  of  load?] 

E.  loDATfi  OF  Lkai)-oxii>i:,  or  LEAD-ionAri:. — lo<lir  acid  and  iodati) 
of  potash  or  soda,  give  an  immediate  precipitate  with  nitrate  of  lead-oxide. 
(Pleischl,  Schw,  4.'>,  18.) — White  powder,  anhydrous  after  drying.  When 
gently  ignited  in  a  i-etort,  it  gives  oil'  a  large  quantity  of  iodine  an<l 
oxygen  gas,  and  leaves  .02  25  per  cent,  of  a  yellowish-brown  residue, 
containing  iodide  and  oxide  of  lead,  the  former  of  which  remains  undis- 
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solved  wLen  tLe  residue  is  diffosicd  in  acetic  acid.  (Rammelsber^y  Pogg. 
44,  5C6.)  With  concentrated  hydrochloric  acid,  it  yields  chlorine  gas, 
water,  dissolved  terchlorido  of  iodine,  and  crystalline  chloride  of  lead. 
(Filhol.) 

PbO,  10*  +  CUCl  =  PbCl  +  ICP  +  6H0  +  2C1. 

It  dissolves  very  sparingly  in  water,  and  with  some  difficulty  in  nitric 
acid.  (Raniniclsberg.) 

F.  BiBASTC  Periodate  op  Lkad-oxide. — Formed  by  precipitating 
nitrate  of  lead-oxide  with  bibasic  periodate  of  soda  dissolved  in  the 
smallest  possible  quantity  of  warm,  dilute  nitric  acid.  If  too  much 
nitric  acid  be  added  to  the  solution,  the  filtrate  will  contain  periodic 
acid,  and  will  then  yield  an  additional  quantity  of  lead-salt  on  digestion 
with  carbonate  of  lead- oxide.  Mouobasic  periodate  of  soda  likewise 
throws  down  bibasic  periodate  of  lead-oxide  from  a  solution  of  the 
nitrate,  the  supernatant  liquid  becoming  charged  with  free  acid. — White 
powder,  which  becomes  yellowish  when  dried  or  heated,  or  by  loss  of 
water.  Decomposeil  by  dilute  sulphuric  acid.  Dissolves  readily  in  dilnte 
nitric  acid,  but  not  in  aqueous  periodic  acid,  or  in  pure  water.  (Benckiser, 
Ann,  Fharm,  17,  254.) 

Lead  and  Brcmixe. 

A.  Bromide  of  Lead. — 1.  By  treating  lead-oxide  with  aqueous 
hydrobromic  acid.  Lead-oxide  treated  with  bromine- water  is  immediately 
converteii  into  peroxide  of  lead. — 2.  By  precipitating  a  lead-salt  with 
aqueous  bromide  of  potassium.  (Balard.) — When  prepared  according  to 
(2),  it  is  a  white  crystalline  powder.  (Balard.)  From  a  solution  in  hot 
water,  it  separates  in  white  shining  needles.  (Lowig.)  After  rapid 
drying  it  has  a  density  of  6*6302.  (Karsten.)  At  a  strong  heat,  it  fuses 
into  a  red  liquid  (Balard):  and  if  the  fusion  takes  place  in  a  vessel  which 
excludes  the  air,  the  salt  solidifies  on  cooling,  in  a  white,  horny  mass. 
(Lowig.)  When  fused  in  contact  with  the  air,  it  emits  a  small  quantity 
of  white  fumes,  and  on  cooling  solidities  in  a  yellow  mass  consisting  of 
oxybnunide  of  lead.  (Balard  ) — Nitric  acid  addeil  to  pulverized  bromide 
of  lead  liberates  bromine,  sulphuric  acid  causes  the  evolution  of  brominic 
and  livdntbnnuic  acid:  the  fu^^d  bromide,  on  the  contrary,  is  decomposed 
only  \)V  boiling  oil  of  vitriol.  (Balard.)  Bromide  of  lead  dissolves 
sparingly  in  cold  water,  more  readily  in  water  containing  hydrochloric, 
nitric,  or  acetic  acid.  (Lowig.)  It  dis.solves  slowly  in  cold  aqueous 
hydroohloRite  or  nitrate  of  ammonia,  quickly  in  the  same  solutions  when 
ii'arm.  (Wittstein.) 

Lowig. 

Pb 1040       ...         5702         59-2 

Br :8-4       ...         42-98         40*8 

PbBr    .T.~  . . . . ~ Z        \ii~A       Z,       10000        ~.       100*0 

B.  OxvnnoMiDK  of  Lfad, — 1.  Formed  by  igniting  bromide  of  lead 
in  the  air,  till  it  ceases  to  emit  white  ftt:*^os.  (Balard.) — 2.  By  heating 
brvmio- carbonate  of  lead  (]».  14j)  till  all  the  carbonic  acid  is  expelled. 
(Lliwig.) — By  placing  brvtmide  of  load  for  some  days  in  contact  with  a 
solution  (>f  load> acetate,  and  agitating  from  time  to  time.  The  filtrate 
i*on tains  free  ai'ctio  acid.  (Brandes,  Ann,  Pharm,  10,  275.) — Prepared 
by  ( 1)  or  (2),  it  has  a  fiue-Tcllow  colour;  by  (3),  yellowish  white,  but 


aft«r  complete  dehydration  at  140",  yclIowiBh,  When  boated  it  becomea 
lemon -yellow,  tLen  redd  bli -yellow,  then  brown-rod,  and  after  cooling, 
lefumes  its  origiual  yellow iah- white  colour.  Wlieo  beateJ  to  fusion,  it 
emits  denee  white  fumes,  and,  on  cooling,  solidiliea  in  a  yellowish-white, 
transluceiit,  pearly  mass.  When  decomposed  at  a.  high  temperature  by 
cblorine  gae,  it  yields  94'92I  per  cent,  of  chloride  of  lead,  aud  is  there- 
fore =  PbBr,Pb"0.  (Brandea.) 

C,  Bromate  dp  Leau-oxide,  or  Lead-brdmate. — 1.  Bromic  acid 
mad  bromate  of  potash  throw  dowD  a  white  powder  from  lead-salta,  but 
only  from  concentrated  solutions,  (Ba-lard.) — 2.  The  salt  may  bo  formed 
by  dimolring  carbonate  of  lead-oxide  in  warm  bromic  acid,  and  leaving 
the  solution  to  crys[alli;(e.  (Rammclsberg.)— Small,  shining,  permanent 
«iyat&ls,  isomorphouH  with  those  of  the  strontia-aalt. — They  do  not  lose 
nUir  water  iu  vacuo  over  oil  of  vitriol.  At  180°,  they  begin  to  decom- 
pose, with  copious  evolution  of  gas,  forming  brown  oxide  of  lead,  which, 
M  higher  temperatures,  ia  reduced  to  the  red  and  then  to  the  yellow 
<nide,  the  latter  remaining  in  combination  with  bromide  of  lead.  Soluble 
in  75  parte  of  cold  water.  (RammeUberg,  foff^.  52,  06.) 

CrymtallUtd.  lUmmeUbeTg. 

PbO    _ 1120       ....      <B-7B        46-39 

BrO»  118-4       .,..      A2-ii 

HO     „  9-0       ..„        3-;6 

PbO,IJrO*  +  Aq.   239-4       ....     10000 

D.  Brom  or  ARSON  ATE  of  Leap. — Equivalent  qnantities  of  bromide 
of  lead  aud  carbonate  of  lead-oxide,  boiled  with  water,  form  an  insoluble 
compound,  which  fuses  readily  when  heated,  and  afterwarib  gives  off  its 
carbonic  acid.  (Lowig.) 


Lead  a 


>  Chlori.n: 


A.  Chloride  op  Lead. — Plumb  um-comeum,  Uorn-Uad.  —  Found 
lutire  as  Colunnite. — 1.  Lead  absorbs  chlorine  gas  very  slowly,  luid 
witbout  visible  combustion. — 2.  Hydrochloric  acid  added  to  leaii-oxide 
or  Its  salts  forms  chloride  of  lead;  and  dissolved  metallic  chlorides  added 
to  solutions  of  lead-salts  throw  down  the  same  compound  in  the  form  of  a 
crvstalline  powder. — 3.  With  metallic  lead,  hydrochloric  acid  forma 
cihlorido  of  lead,  bnt  very  slowly,  aud  only  when  assisted  by  the  action 
of  the  air.  The  same  acid  boiled  with  metallic  lead,  converts  it  into 
eUoride,  with  evolution  of  hyilrogen  gas. — When  prepared  by  (2),  it 
forma  a  white  crystalline  powder,  known  by  tlio  name  of  Maijittirlttm 
^lumbi;  when  crystallized  from  a  hot  solution  in  water  or  anueous  acids, 
it  forms  white,  silky,  six-sided  needles  aud  laminis.  Fuses  oelow  a  red 
heat,  and  on  cooling  solidifies  in  a  white,  translucent,  horny  mass. 
According  to  J.  Davy,  it  does  not  volatilize  even  at  a  very  strong  red 
heat,  provided  the  air  be  excluded.  SpeciGc  gravity  of  the  precipitated 
chloride  58032;  of  that  which  has  oeen  fused  out  of  contact  of  air, 
fi-6824.  (Korsten.) 
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Or  t  Berzeliat.  Kirwan. 

PbO  1120      ....      80-34        80-26        81*77 

Cl-O    ....         27-4       ....       19-66         19/4         18-23 

139-4       ....     100-00        100-00         100-00 

.  ^  When  Ignited  in  contact  with  the  air,  it  partly  volatilizes,  together 
with  excess  of  chlorine,  leaving  a  residue  of  oxychloride  of  lead.  (Dohe- 
rcincr,  Schip,  17,  255.)  When  fused  with  sulphur,  it  is  partially  con- 
verted into  sulphide  of  lead.  (A.  Vogcl.)  It  is  completely  decomposed 
by  carbonic  oxide,  at  a  red  heat,  yielding  phosgene  gas  and  metallic  lead. 
(Uobel,  J.  pr,  Pharm,  6,  388.) — With  phosphurett^  hydrogen  gas,  at  a 
gentle  heat,  it  yields  hydrochloric  acid,  phosphorus,  and  metallic  lead. 
(H.  Rose,  Pogg,  24,  334.) — With  aqueous  hypochlorous  acid,  it  forms 
peroxide  of  lead  and  chlorine  gas.  (Balard.) — Aqueous  alkalis  convert 
it  into  qnadrobasic  hydrochloratc  of  lead-oxide. — Chloride  of  lead  dis- 
solves slowly  in  135  parts  of  water  at  12*5^  (Bischof),  and  in  a  smaller 
quantity  of  boiling  water.  Of  cold  water  containing  hydrochloric  acid, 
it  requires  1636  parts  to  dissolve  it — twelve  times  as  much,  therefore,  aa 
of  pure  water  (Bischof);  hence  a  precipitate  is  formed  in  the  aqueons 
solution  on  the  a<ldition  of  hydrochloric  acid.  (H.  Rose.)  On  the  other 
ban d^  concentrated  hydrochloric  acid  dissolves  chloride  of  lead  abundantly, 
and  is  precipitated  by  wat^r.  (Gm.)  A  solution  of  chloride  of  calcium, 
even  if  dilute,  likewise  precipitates  the  aqueous  solution  of  this  compound, 
leaving  a  solution  containing  1  part  of  chloride  of  lead  in  534  parts  of 
water.  (Bischof,  Schw.  64,  70.)  The  solution  in  strong  hydrochloric  acid 
is  not  precipitated  by  sulphuretted  hydrogen;  but  immediately  on  the 
addition  of  water.  (Wackenroder.)  Chloride  of  lead  dissolves  somewhat 
abundantly  in  aqueous  alkaline  hyposulphites  (Herschel),  also  in  aqueous 
acetate  of  soda.  If,  tlierefore,  190  parts  of  lead-acetate  dissolved  in 
water,  are  mixed  with  58*7  parts  of  common  salt,  from  43  to  48  ]>arts  of 
chloride  of  lea<l  are  precipitated;  the  filtrate,  on  further  evaporation,  gives 
off  acetic  acid,  and  deposits  the  greater  part  of  the  chloride  [or  oxy- 
chloride  ?]  of  lea<l,  so  that  at  length  only  4*4  parts  remain  in  solution. 
A  small  quantity  of  common  salt  added  to  a  solution  of  lead-acetate  forms 
a  precipitate  which  disappears  on  agitation;  a  small  quantity  of  lead- 
acetate  solution  added  to  a  solution  of  common  salt  forms  a  permanent 
precipitate;  if,  however,  acetate  of  soda  is  mixed  with  the  solution  of  common 
salt,  no  precipitate  is  formed.  (Anthon,  JRepert,  76,  229.) — Chloride  of  lea«l 
dissolves  very  sparingly  in  alcohol  of  70  per  cent.,  the  solubility  not  being 
increased  by  heat.     In  spirit  of  94  per  cent,  it  is  insoluble.  (Bischof.) 

B.  OxYCHLORiDE  OP  Lead. — a,  3PbCl,  PbO. — 4  parts  of  chloride  of 
lead  ignited  with  1  part  of  litharge,  yield  a  fused,  laminar,  pearl-grey 
mixture,  which,  when  triturated  with  water,  swells  up  to  a  bulky  nuiBS. 
(Vauqueliu.) 

b.  PbCl,  PbO. — Formed  by  igniting  chloride  of  lead  in  the  air  till  it 
no  longer  gives  off  fumes,  or  by  fusing  together  chloride  of  lead  and  car- 
bonate of  lead-oxide,  whereby  the  carbonic  acid  is  set  free.  The  mixture 
while  fused  is  of  a  deep-yellow  colour,  and  fts  it  cools,  becomes  first  lemon- 
yell(»w,  then  of  a  pearl  colour  and  crystalline.  (Diibereiner.)  If  pulve- 
rize<l  crystalline  chloride  of  lead  be  left  for  some  days  in  contact  with  a 
concentniied  solution  of  lead-acetate,  it  takes  up  protoxide  of  lead  with 
evolution  of  acetic  acid,  and  forms  a  white  pow«ler,  which,  after  washing 
and  drying  at  a  gentle  heat,  contains  from  2  to  2*5  per  cent,  of  water. 
At  a  stronger  heat  the  water  escapes^  tho  compound  assuming  first  a 
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jellowiBli-Trliite  and  then  a  light  yellow  tint;  and  the  residno  nitimatolj 
fuses  to  a  deep  yellow  liquid^  which  gives  off  white  fumes,  and  on  cooling, 
solidifies  to  a  nearly  white  niai;s  containing  j5'36  per  cent,  of  chlorido 
of  lea<l  and  44*45  per  cent,  of  oxide.  (Brandos,  Ann,  Fharm.  10,  274.) 

r.  PbCl,2PbO. — Mendiji  Lead-ore  or  Jlendipite. — Right  rhombic  prism. 
i#:«'=77*'  33'.  Cleavage  parallel  to  p  and  it.  Sp.  gr.  =  7*077.  Harder 
than  gypsum.  Yellowish-white,  with  an  adamantine  lustre;  translucent. 
Decrepitates  when  hcate<l,  and  appears  yellower  after  cooling.  Fu.ses 
veiy  readily.  Yields  lead  before  the  blowpipe  upon  charcoal,  with  evolu- 
tion of  acid  vapours.  The  carbonate  of  lead-oxide,  the  quantity  of  which 
is  variable,  and  the  silica,  are  to  be  rc^nirdfd  as  accidental  admixtures. 
(Berzelius,  Pogg,  1,  272.) — IT  This  mineral  is  likewise  found,  and  in  a 
state  of  greater  i)urity,  at  Brilow  near  Statltborgen :  it  there  occurs  in 
connexion  with  calcspar  and  calamine.  Structure  crystalline.  Cleavage 
distinct.  Very  slightly  brittle.  White,  tniuj-lucent,  with  a  mother-of- 
pearl  lustre  on  the  cleavage-surfaces.  Sp.  gr.  =  7*0.  (Rhodius,  Ann. 
Pharm,  62,  373.)  IT 

Mendipiie,  Berzelius.  Illiodius. 


PbCl    

2PbO   

PbO.CO-*    .... 
Si02 

139-4     ....     38-36 
22i-0     ....     01-64 

•  ■ ••                                                              a ■  •  1 

34-63 

55-82 

7-55 

1-46 

0-54 

39-06 
60-10 

HO  

PbCI,2FbO.... 

363-4     ....  100-00 

100-00 

99-16 

d.  PbCl,  3PbO. — a.  Anhydrous. — 1.  By  fusing  1  At.  chloride  of  lead 
with  3  At.  of  the  protoxide. — 2.  By  fu.sing  the  hydmtcd  compound.— 
Greenish-yellow,  with  a  laminar  texturo;  yields  a  pale  yellow  powder. 
(Dobercincr.)— ^.  Ilf/drattd,  PbCl,  SPbO +  110,  or  (Jaadrohasic  Ili/dro- 
chlorate  of  Lead-oxide,  4PbO,  IICl. — 1.  By  dfcomposing  chloride  of 
lead  with  an  aqueous  alkali.  Berzelius  precipitates  an  aqueous  solu- 
tion of  chlorido  of  lead  with  ammonia. — 2.  By  precipitating  subacetato 
of  lead-oxide  with  a  solution  of  common  salt.  (Berzelius.) — 3.  By 
decomposing  a  solution  of  common  salt  with  load-oxide.  Scheele  has 
shown  that  soda  may  be  separated  from  salt  by  this  process.  Accord- 
ing to  Vauquelin  (Sch,  J.  4,  ;>1;,  1  part  of  common  salt  requires  7  parta 
(rather  more  than  4  At.)  of  linoly  pounded  litharge.  The  mixture 
worke<l  up  with  water  to  a  thick  pulp,  turns  white;  and  thickens,  the 
lead-oxide  swelling  up;  hence  it  is  necessary  to  add  repeatedly  frvtAi 
quantities  of  water  and  work  the  mixture  up  again.  On  diluting  with 
water  after  four  days,  and  liltering,  the  filtrate  is  found  to  contain 
nothing  but  caustic  soda  with  a  small  ([uaiitity  of  chloride  of  lead  dissolvc<l 
in  it;  but  no  common  salt. — According  to  later  exi)eriments  of  Anthon 
{Iiep(rt.  11  y  10;5),  the  chloride  of  sodium  is  but  half  <lecompo-ed,  even 
when  ten  times  its  weight  of  lead-oxido  is  used,  and  the  mixture  is  left  to 
stand  for  12  days  ami  frequently  agitated.  White  flocculent  mass,  which 
when  heated  gives  off  7  per  cent,  of  water,  and  is  converted  into  PbOl, 
3PbO.  Acids  dissolve  out  the  oxide  of  load,  and  leave  the  chloride.  The 
compound  is  almost  wholly  insoluble  in  water,  slightly  soluble  in  caustic 
soda.  (Vauquelin.) 

e.  PbCl,  ."iPbO. — By  fusing  1  atom  of  chloride  of  lead  with  5  atoms  of 
the  protoxide. — Oningo-yellow  substance,  yielding  a  i)owder  of  a  deei) 
yellow  colour.  (Dobereiner.) 

/.  CasseUyellow. — Commonly  prepared  by  fusing  a  mixture  of  1  part 
of  sal-ammoDiac  with  about  10  parts  of  massicot,  minium,  or  white  lead. 

l2 
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Part  of  the  sal-animoniac  sublimes  undecomposetii  Bo  that  tho  compound 
contains  about  7  At.  Icad-oxido  to  1  At.  chloride.  Part  of  the  load  is 
at  the  same  time  reduced  by  the  ammonia.  The  compound  has  a  fine 
J'ellow  colour^  and  crystallizes  in  radiated  laminsc. 

C.  Chlorite  of  Lead-oxide,  or  Lkad-culorite. — By  precipitating 
chlorite  of  baryta  which  contains  a  large  quantity  of  free  chlorous  acid 
and  is  in  excess,  with  mononitrate  of  lead-oxide,  and  washing  the  preci- 
pitate with  water.  An  excess  of  lead-nitrate  would  partially  dissolve  the 
precipitate. — Sulphur-yellow,  crystalline  scales.  Decomposes  at  126^ 
with  a  kind  of  explosion.  Sets  fire  to  flowers  of  sulphur  which  arc  tritu- 
rated with  it  by  means  of  a  glass  rod.  Blackens  at  first  in  hydrosulphuric 
acid  gas,  then  immediately  turns  white  by  conversion  into  snlphate  of 
lead-oxide.  With  a  mixture  of  equal  parts  of  water  and  oil  of  vitriol,  it 
evolves  pure  chlorous  acid  gas,  es|)ecinlly  between  40°  and  50"^,  and  yields 
88*75  per  cent,  of  lead-sulphate.  (Millon,  ^T.  Ann.  Chim,  Fhys.  7,  327.) 

CryttaUized,  Milloo. 

Pb   112-0      ....       65-34        65-39 

CIO»    59-4       ....      34-66 


PbO,CIO'  171-4       ....     10000 

D.  Chlorate  op  Lead-oxide. — By  dissolving  lead-oxide  in  aqueous 
chloric  acid,  the  salt  is  obtained  in  white  shining  laminae,  the  solution  of 
which  is  colourless,  has  a  rough,  sweet  taste,  and  does  not  redden  litmus. 
( Vanquelin,  J72n.  Chim,  95,  127.) — IT  By  cooling  a  hot  solution  of  this  salt, 
rhombuidal  prisms  are  obtained,  which  become  dull  and  opaqne  by 
exposure  to  the  air.  They  are  composed  of  PbO,  C10*-|-H0.  They  do 
not  deli<iuesce,  but  are  easily  soluble  in  water  and  in  alcohol.  When 
heated,  they  leave  an  oxychloride  of  lead,  of  yellow  colour  and  having 
tho  constant  composition:  PbO, 2PbCl.  (Wiichter,  Ann»  Fhartn,  52, 
233.)  IT 

E.  Perculorate  op  Lead-oxide. — The  solution  of  lead-oxide  in 
warm  aqueous  perchloric  acid  yields  small  prisms  having  a  sweet  but 
highly  astringent  taste,  soluble  in  about  their  own  weight  of  water,  and 
not  deliquescent.  (Serullas,  Atm.  Chim,  Phys.  46,  306.) 

P.  Chlorocarbonate  op  Lead. — Found  native  as  Horn-lead,  or 
Corneous  lead-ore. — Square  prisms.  Fir/.  28,  32,  33,  39,  and  other  forms; 
p  :  tf=123**  6'  (Brooke).  Specific  gravity=6-06.  Harder  than  gyjwum; 
colourless  and  translucent. — When  1  At.  carbonate  of  lead-oxide  is  boiled 
with  1  At.  (or  more)  chloride  of  lead  and  with  water,  the  chloride  is 
rendered  insoluble  by  combining  with  the  carbonate. — White,  heavy 
powder. — Both  the  natural  and  the  artificial  compound  fuse  very  easily, 
and  at  a  higher  temperature  are  converted,  with  ebulliticm  and  loss  of 
7'7j  per  cent,  of  carbonic  acid,  into  the  oxychloride  of  lead  6.  (Diibe- 
reiner,  Schw.  17,  251;  Berzelius,  JSt/st  d.  Mine7'al.  241.) 

Klaproth*8  analysis 
Horn-lead.  (recalculated.) 

PbCl   139-4        ....        60-99        53-83 

PbO    112-0        ....         40-96         42-90 

CO*     220         ....  8-05         600 


PbCl,PbO,CO» 273-4        ....      lOO'OO        102-73 
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O.  CflLOBOPHOipniTB  OF  Lead. — Lead-salts  added  to  terchloride  of 
phoephorns  dissolved  in  water  and  neutralized  with  an  alkali^  throw 
down  a  compound  of  phosphite  of  lead-oxide  and  chloride  of  lead,  from 
which  boiling  water  extracts  the  latter.  (Berzelius.) 

H.  CiiLOROPiiosPHATE  OF  Lead.  —  PbCl  +  3(3PbO,cPO*.)— To  this 
head  belongs  Pyromorphite  {Green  Lead-ore  or  Brown  Lead-ore), 
Crystalline  system,  the  hexagonal.  Fig.  131,  135,  137,  138,  and  otiier 
forms.  r:r*=81^46';  r:<r=130'  53'.  Cleavage  imperfect,  parallel  to 
r  and  a  (if  any).  Sp.  gr.  =6-9. ...70.  Hardness  equal  to  that  of  apatite. 
Variously  coloured;  with  a  fatty  lustre;  translucent.  Fuses  easily,  and,  on 
cooling,  solidifies  with  vivid  incandescence  to  an  angular  crystalline  mass. 
Fused  with  carbonate  of  soda  upon  charcoal,  it  yields  metallic  lead.  ltd 
solution  in  nitric  acid  gives  a  turbidity  with  nitrate  of  silver-oxide.  In 
some  of  these  ores,  the  chloride  of  lead  is  partly  replaced  by  fluoride  of 
calcium,  and  the  triphosphate  of  lead-oxide  by  triphosphate  of  lime  or 
trisarseniatc  of  lead-oxide.  The  calcareous  ores  may  (with  Fuchs)  be 
regarded  as  mixtures  of  Apatite  and  Pyromorphite.  The  arsenical 
ores  fuse  upon  charcoal  before  the  blow|)ipo  and  yield  metallic  lead. 
(H.  Rose.) 

W(Jhler. 


Pyromorphiie. 

a. 

h. 

c. 

d,    ' 

lOPbO 

11200     .... 

8226 

....     82-29 

....     80-55 

....     82-46    .... 

75-59 

Cl-O 

27-4     .... 

2-01 

....       1-98 

....       1-99 

....       1-95     .... 

1-89 

3cPO» 

214-2     .... 

15-73 

....     15-73 

....     14-l.S 

....     15-50     .... 

1-32 

AbO»    

....       2-30 

....     trace     .... 

21-20 

Fe^O^  

....     trace 

trace 

....     trace     .... 

trace 

CaO 

.... 

1361-C     .... 

10000 

....  10000 

....     98-97 

Kerstcn. 

10000 

Or: 

e. 

/. 

9- 

PbCl 

....       139-4 

....       10-24       .... 

10-09       .... 

1008 

9  92 

CaF 

»■■• 

•  ■•■ 

•  ■•• 

•  ••• 

oi;*     .... 

014 

3(:<Pb0.cP0*)     1222-2 

8a 

•76      .... 

89-91       .... 

89-11      .... 

89  17 

3C»0,cP0» 

!••■ 

•«•• 

•  «a* 

•  «•  • 

0-68       .... 

0-77 

Fcj^O"   

•■•« 

■  •  >• 

trace 

1361-6 

....     100-00 

100-00      .... 

100-00       .... 

100-00 

Kerstcn. 

. 

-    A. 

• 

t. 

k,    ^ 

PbCl   

9-66       ... 

10-64 

....       10-84 

CaF 

0-22       ... 

0-2.'i 

109 

3(3PbO,cPO*)   .... 

89-27       ... 

81  05 

....       77-02 

SCaO.cFO'^. 

0-85 

7*46 

11-05 

Fe-W  

trace 

# 

^ 

10000 


10000 


10000 


a.  is  Green  I.ca<l-ore  from  Tschoppau. — h.  White  variety  fr^^h  Tschop- 
pau. — c.  Ore  from  Leadhills,  in  aurora-red  hexagonal  prisiJ(^g. — d.  Ore 
from  Johann  Georgenstadt,  in  wax-yellow,  acuminated  I>risi^^  (Wohler.) 
— e,  Crystallized  Brown  J^ead-ore  from  Poullaouen.— ^'.  JJffie  same  from 
England. — {h  The  same  from  Bleistadt,  of  specific  gravi*i[y  7.009, — h.  The 
same  from  Mies,  of  siHJcific  ;:ravity  6983. — i.  B«trylV(^o^g  Brown  Lcad- 
oro  from  Mies,  of  specific  gravity  6-444. — 1\  Botr^ju^^^g  Brown  Leail- 
pre  from  the  Sonnouwirbel  mine  near  Freiberg,  of  ^ccific  gravity  0'0i)2. 
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(Brcitfaaupt*s  Polyipherile.)  (Karsteiiy  Schw.  68,  1.)  —  In  Breithanpt's 
Jledyphane^  from  Loufcbaushyttan,  of  specific  fsx^yiiy  5*490,  Kersten  found 
PbCl  10-20,— 3CaO,PO*  15-51,— 3CaO,AsO*  12-D8,— 3PbO,AsO'  6010 
(loss  1-12). — In  an  orange-yellow  pliospLate  of  lead  from  Wanlockhead 
Vernon  {Phil  Mag.  Ann,  1,  321;  also  Sclav,  52, 187)  found:  PbCl  1007, 
3PbO,cPO*87-66,— PbO,CrO»  1-20,— lime,  silica,  ferric  oxide,  water  and 
combustible  matter,  0'40. 

%  The  same  compound,  containing,  however,  an  atom  of  wat^r,  is 
formed  artificially  on  pouring  a  boiling  solution  of  cLloridc  of  lead  into  a 
solution,  likewise  boiling,  of  phosphate  of  coda,  the  latter  being  in 
excess.  The  precipitate  is  insoluble  in  water,  but  dis.solvcs  in  nitric 
acid,  which  converts  it  into  the  phosidio-nitrate  of  lead-oxide  discovered  by 
Berzelius  (p.  1 58).  The  composition  of  the  precipitate  is:  3(3PbO,PO*)  -\- 
PbCl-l-HO.  (Heintz,  Pogg.  73,  122.)— When,  on  the  contrary,  a  boiling 
solution  of  phospliate  of  soda  is  poureti  into  an  excess  of  chloride  of  lead, 
a  precipitate  is  formed,  which,  according  to  Heintz,  is  composed  of 
2(3PbO,PO*)-hPbCl),  but,  according  to  Gcrhardt  (.V.  Ann.  Chim.  Phff$, 
22,  505),  of  2PbO,HO,PO*-|-PbCl.  The  same  compound  may  be  formed 
when  a  phos])hato  is  precipitated  by  a  lead-solution  in  presence  of  a 
soluble  chloride.  IT 

I.  CHLOROsuLpniDE  OP  Lead. — Wlicn  a  Icad-sjilt,  e,g,  aqueous  chloride 
of  lead,  is  precipitated  by  a  mixture  of  sulphuretted  hydrogen  water 
and  hydrochloric  acid,  there  is  produced,  first  a  yellowish-red  and  then  a 
rod  precipitate  containing  about  5(>  per  cent.  (3  At.)  of  sulphide  and  44 
per  cent.  (2  At.)  of  chloride;  of  lead.  An  excess  of  suljdiuretted  hydro- 
gen water  turns  it  black  and  converts  it  into  pure  sulphide  of  lead ;  the 
same  change  is  j)roduccd  by  boiling  with  water,  which  extracts  the  chlo- 
ride; the  compound  is  also  blackened  by  jiotitsh,  which  extractj?  the 
chlorine.  (Hunefeld,  J,j)r,  Chan,  7,  27.)  — When  sulphuretted  hydrogen 
is  passed  through  a  solution  of  ^  pt,  lead-acetate  in  100  parts  of 
water  mixed  witii  10  parts  of  hy<lrochloric  acid  of  specific  gravity 
1*168,  a  beautiful  canuinc-coloured  precipitate  of  chlorosulphide  of  le^id 
18  produced.  If  the  solution  contjiins  1  part  of  lead-acetate,  112  parts 
of  water,  and  14  of  strong  hydrocliloric  acid,  sulphuretted  hydrogen  pro- 
duces a  yellow  precijiitate,  wliich  gives  up  ^chloride  of  lead  to  boiling 
water,  while  black  protosulphide  of  load  remains  behind. — If,  instmid  of 
14  parts  of  strong  hydrochloric  aciil,  we  use  14  parts  of  a  mixture  of 
2  parts  of  strong  hydrochloric  and  1  pt.  nitric  acid,  prepared  two 
days  before  and  containing  hyponitric  acid,  the  sulphuretted  hydrogen 
produces,  after  a  while,  fi^^^t  a  yellowish-red  and  then  a  cinnalwir- 
red,  granular  precipitate.  (If  the  stream  of  sulphuretted  hydrogen 
were  continued  for  a  longer  time,  the  preciiiitato  would  become  first 
carmine-coloured,  then  brown,  and  lastly  black.)  The  granular  pre- 
cipitate, when  boiled  with  water,  gives  up  a  considerable  quantity  of 
chloride  of  lead,  and  is  converted  into  a  brown-red,  fiocculent  powder, 
which  then  undergoes  no  further  change,  but  when  heated  alone  in  a 
glass  tube,  gives  oil*  sulphur  and  hydrosulphuric  acid,  and  fuses  to  a 
brown  mass.  According  to  this  reaction,  the  hyponitio  acid  must  have 
precipitated  snlphur  from  the  hydrosulphuric  acid,  and  the  red  precipitate 
is  a  compound  .of  chloride  with  jK^lysulpliido  of  lead.  (Reiuscb,  JRepert, 
56,  183;  J.2Jt\  OJiem,  13,  130.) 

K.  CHLORosuLi<HATE  OF  Lead.  — 1  At.  chloride  of  lead  fuses  readily 
with  1,  2,  or  4  At  BuJnhate  of  lead-ozido^  forming  a  thin  liquid.     WitL 


1  At.  Iead-sa1phat«,  n  whit«,  crystollino,  xligbtly  blistered  enamel  ia 
ottbuned ;  with  2  or  4  At.  the  enamel  i«  eli^litly  crystalline.  (Bertfaler, 
Anji.  Ckim.  Fhg».  13,  298.) 

L.  CuLORioDiDE  oe  Lead. — CoU  bydrooliloric  iicid  bas  i 
»ctioD  ou  iodide  of  lead;  the  bubo  acid,  when  boiling,  dissolves  the 
iodide,  fonuiug  a  pale  rcddish-yelluw  solutiuii,  and  on  cooling  yields 
'  Jtale  ^Uuw  fuur-sided  needlce,  Irom  which  water  gradually  extracts  tUo 
eUondeof  lead.  (Laboure,  N.  J.  Fkann.  4,  828.) 

Lead  and  Fldobinb. 

A,  FtcoHiDEOF  Lead. — Lead  is  not  attacked  by  hydrofluoric  aoid 
At  any  teniperature  below  the  boiling  point  of  that  acid.  (Gay-LuBsac  & 
Thenard.) — The  fluoride  is  formed  by  precipitating  tho  eubacetato  or 
soimal  a«elate  of  lead-oxide  witb  hydrofluoric  acid  (Scheele,  Gay-Luasoc 
&  Tbcwtrd),  or  by  treating  cnrbonate  of  Icad-oidde  with  hydrofluorio 
■dd  (fierzelius),  or  with  an  alkaline  hydrofluate.  (Scheele.) — ^\"Lite,  noa- 
oryBtalLine  powder  (Scheele),  which  nises  readily  and  then  solidifies  in  a 
yellow  niaas.  (Beraeliua.) — Not  decomposed  by  Leatiiig  in  closed  veaaeli, 
but  evolves  hydrofluoric  acid  when  Lealed  in  contact  with  air  or  vapour 
of  water.  (Berzelius.) — When  heated  with  sulphur  in  a  glues  retort,  it 
jieUs  sulphide  of  lead,  enlpfaaruus  acid  gas,  and  gn^eouE  fluoride  of 
•tlinnni.  Phosphorus  and  iodine  scarcely  act  upon  it.  (Unverdarben, 
If.  Tr.  9,  I,  33.) — Oil  of  vitriol  separates  hydrofluoric  acid  from  it,  even 
at  ofiliBary  tcmpentures.  (Oay-Lufssac  &  Thenard.)  Acjaeevs  amraonia 
witbdrawfl  from  it  a  quantity  of  acid  just  snfficient  te  convert  it  into  the 
Mio wing  compound.  Flnorideof  lead  is  very  sparingly  solutile  in  water  and 
not  more  abundantly  in  a<iueuus  hydraflnoric  acid  (BerceliuB,  Pfnf^.  1,31); 
ildiMolves  more  abundantly  in  hydrocLloric  and  in  nitric  acid  (Gay-Lussnc 
&  Th^ard),  nad  ia  decomposed  on  the  evaporation  of  the  dissolving  acid. 
{BcnceliuH.) 

fi.  O.WPLVORIDE  OF  Lead. — 1.  Formed  by  deooniposing  fluoride  of 
loftd  with  aijiieuua  ammonia. — 2.  By  fusing  the  fluoride  of  au  alkali-nietal 
villi  Icad-oxidi',  and  washhig  tho  pulverised  aiatts  with  water;  the  ox^- 
flaoridc  is  then  left  undissolved. — Has  an  astringent  taste.  Disttulvee  la 
))«n:  wat«t  after  removal  of  the  sulino  li<juid-  I'he  solution,  when  ex- 
|>omU  to  the  air,  deposits  a  crust  cunsieting  of  carbonate  of  lead-oxide 
and  inodde  of  load.  (Berxelius.) 

C.  DoRoPLtroKiDK  OF  Lead. — PbF,BF'. — Formed  by  adding  carbo- 
jialo  of  Ico'l-oxide  in  small  portions  to  tetra-hydrofluate  of  horacic  acid, 
mi  k  precipitate  b  formed.  The  solution,  evaporated  to  a  syrup  and 
lliMi  cooled,  deposits  long  needles;  l>ut  by  slow  evaporation,  four-sided 
nrisma  or  tables  are  obtained.  Taate,  sweet  and  astrinKcat,  afterwards 
•mnewhat  «our.  By  continued  boiling  with  water  or  alcohol,  it  is  resolved 
Into  ■&  acid  ealt  which  diHolves,  an^l  a  basic  salt  which  remains  behind 
and  forms  a  while  powder.  Another  easily  fusible  basic  compound  la 
obtained  by  heating  the  borofluorido  of  lead  with  lead-oxide.  {Bcrzelios.) 

D.  CiiLoROFLUORiDE  OP  Lead.  —  PbCl.PbF. —  1.  By  precipitating 
nqneous  flnoride  of  sodium  with  a  boiling  aqueous  solution  of  chloride  of 
[(nij  -  *  By  precipitating  an  aeueoas  solntiou  of  2  parts  of  fluoride  of 
•odinia  and  3  parts  of  common  ^t  with  sugar-of-lead. — ^White  powder 


which  fuses  when  heated,  without  (,'ivlug  off  water  or  aciJ.  Slightly 
soluble  in  water,  and  without  alteration  of  the  proportiou  of  the  consU- 
taenla  in  the  residue.     Easily  soluble  io  nitric  acid,  (Bcrzelins.) 


Lead  aj<'d  Nitrooek, 

A,  Nitrite  op  Lead-oxide,  or  Lead-nitrite. — a.  QuadrobasK.— 
Formed  by  boiling  1  jiitrt  of  mononitrate  of  lead-oxido  and  IJ  parte  or 
more  of  metallic  lead  in  a  long-necked  Saek  for  12  hours,  then  Gltering 
and  leaving  the  salt  to  orystalliie  by  cooling.  (Berzeliaa,  Gilb.  40,  194 
and  200;  46,  J56;  Chevreul,  Jwi.  t/Atm.  83,  72j  abstr.  Gilb.  46,  17G.) 
As  the  ebullition  goes  on,  the  solution  Rret  turns  yellow,  in  consequence 
of  the  formation  of  the  yellow  salt  B,  b,  hut  afterwards  becomes  colourless 
and  yields  the  required  salt.  (Chevreul.)  If  the  boiling  be  not  continued 
long  enough  to  convert  all  the  nitrate  into  this  compound,  hriek-red 
needles  are  obtained  contaminateil  with  the  salt  B,  a.  {Chevreul,  Peligot.) 
—According  to  Berzelius  and  Chevreul,  the  formation  of  the  salt  takes 
place  even  when  the  air  is  completely  excluded,  and  is  attended  with 
some  evolution  of  nitric  oxide.  The  reaction  is  probably,  therefore,  as 
follows : 

5PbO,NO»  +  llPb  =  *(*PhO,NO')tNO'. 

Accordingto  this  view,  11. 104  pts.  (II  At.}  lead  re-act  upon  5.136  pts.(5At.) 
nitrate  of  lead-oxide= 100  :  138  parte.  According  to  Chevreul,  100  parts 
of  lead-Ditrate  lake  up,  after  long  boiling,  1 35  parts  of  lead,  and,  accord- 
ing to  Berzelius,  1 27  parts,  which  is  in  accordance  with  the  preceding  for- 
mula, 830  parts  of  the  neutral  salt  should,  according  to  the  formula,  yield 
I9S0  parts  of  quadrobasic  nitrate;  Chevreul  obtained  about  17D7  parta. 

Pale,  flesh-coloured,  silky  needles  united  in  steilate  masses  (Chevreul); 
pule  rose  coloured  needles,  or — if  the  solution  be  rapidly  cooled — a 
white  powder  (Feligot) ;  sometimes  also  of  a  light  greenish -brown 
colour.  (Bromeis.)  This  salt  has  a  strong  alkaline  reaction.  In  the 
dry  state  it  is  permanent  in  the  air.  —  Does  not  give  up  its  water 
till  heated  above  100°,  Loses  a  small  portion  of  its  acid  at  100'', 
and   the   whole   at   a   red   heat    (Chevreul),    the  decom position   takinr 

Slaco  without  fusion.  (Berieliue.)  If  part  of  the  oxide  be  precipitated 
'om  the  solution  by  sulphuric  or  carbonic  acid,  the  liquid  turns  yellow; 
from  100  parts  of  the  dissolved  salt,  carbonic  acid  gas  precipitates  34*8 
parts  of  lead-oxide.  (Chevreul.)  On  dissolving  the  salt  in  cold  nitric 
acid  or  in  strong  acetic  acid,  the  acid  being  addeii  gradually  so  that  no 
heating  may  take  place,  ayellow  liquid  is  obtained  without  any  evolution 
of  gua.  The  acetic  acid  solution  of  100  parts  of  the  salt,  shaken  up  with 
peroxide  of  lead,  takes  up  49-5  parts,  the  uitrite  of  lead-oxide  being 
converted  into  nitrate.  (Peligul.)  The  salt  dissolves  in  143  parts  of 
water  at  25",  in  33  parts  of  boiling  water  (Chevreul);  in  1250  parts  of 
cold,  and  3'45  of  boiling  water.  (Feligot.) 

Benelioi.  Pdigot.          ChtiTrml. 

4PbO 443    ....     90-50      .  .       90-38      ..,.  90*32  ...,       SO'l 

NO'  3S      ...       r-68      ....         7-74       .,..  U-31  ....         g-9 

HO     _          9     ....       1-82      ....         I'SB      ....  1-93 

4PtiO,NO>  +  Aq.       495     ....  100-00      ,.,.     10000      ....  10176  ..„     100-0 

Peligot  found  in  the  salt  3-43  per  cent,  of  nitrogen,  which  ^vee  9*31 

nitrous  acid  (U;38=3-43  ;  9-31). 


VI.  TerfxuUt     Fornicil,iiccordiTig  toBromcia  (Jjiw.i'Afljin.TE 
by  butliog  tlie  orange-red  rait,  B,  a,  for  several  bours  in  cuotact 
metallic  lead.     CryBtalliies  in  needles  arranged  in  small  concentric  grou] 
fDmrtimee  of  a  brick-red  colour,  eonaetiiues  green  and  bigkly  lustroi 
Mmetimes  eihibitins  various  ebadee  between  tliesc  two  colours.     "■ 
voonnt  of  lead  in  this  B&lt  was  found  to  vary  from  89  57  to  89-34 
eenl..  that  of  nitrogen  from  392  to  356,  and  tliat  of  water  from  Of 
fi'Zi.     Bromeis  regards  it  as  an  anhjdroua  trinitrite.     Oerbardt  i 
opi&iaD  that  the  variable  qoantities  of  water  found  hy  Bromeia  show 
the  substance  which  he  examined  wa«  not  a  pare  salt. 
■    e.  Bihcuic. — Formed  by  boiling  the  bibasic  hjponitrate,  B,  6,  for  a 
dmrt  time  with  metallic  lea.d.     As  the  lii^uid  coole,  the    salt  deposits 
ilaelf  upon  the  byponitrate  in  rather  long  goMoD-yellow  needles,  having 
the  lurm  of  rectangular  prisms  terminated  with  rhombic  pyramids,  at  the 


extremities  of  which  re-eutering  angles 
formation  of  macle-crystala.  (Bromeis.)  ^ 


L  consequence  of  the 


2PbO  

324 
38 
9    . 

-     82-65 
3-33 

1292 

3'a7 

~ 

82'J7 

BPbO.NO'+Aq. 

271 

.  10000 

99-24 

— 

99-71 

J.  Monobasic.  —  Formed  by  parsing  carbonic  acid  gas  through  a 
tolation  of  a  in  hot  wnter — whereby  thrcc-fouriha  of  the  lead-oiide  ia 
precipitated — and  leaving  the  yellow  filtrate  to  evaporate  spontaneously 
|Chevreul),  or  in  vacuo.  (Peligot.)  If  the  liquid  be  heated,  nitrous  actd 
ugiTen  off.  (Chevreul.)  Long  yellow  prisms  (Peligot);  yellow  lamii 
(Chevrenl).  Very  easily  decomposed;  very  soluble  in  water.  (Peli 
Ann.  Chim.  I'hjt.  77,  fi7;  also  Ann.  J'hana.  38,  338.) 

B.  Htponitrate  op  Lead-dxidp,  or  Lkad-htponitkate. — a.7  At.^ 
bate  U)  2  At,  acid,  or  Quadrobotie  1 — 1.  By  boiling  the  solution  of  B, 
with  lead-oxide. — 2.  By  boiling  166  parts  (1  At.)  of  lead-nitrate  with  1 
1£S  pftrta  (1|  At.)  lead  and  a  very  large  (quantity  uf  water,  and  leaving 
the  yellow  filtrate  to  crystalliio  by  cooling.     In  this  process,  nitric  oiddB 
|u  is  always  evolved.     With  more  than  2  atoms  of  lead  and  longer 
boiling,  a  colourless  solution  of  quadrobasic  nitrite  is  obtained;  andT)y 
boiling  for  a  shorter  time  only,  a  pale  yellow  liquid,  which  on  cooling   ' 
deposit«  a  mixtore  of  the  salts  B,  a  and  B,  h;  these  may  be  separated  by* 
boiling   water,    which   extracts  the    latter.   (Peligot.)      If  the  salt    M  J 
regarded  ua  qnadroha^ic,  the  formula  nf  its  production  may  be  as  followB; 

3(PbO,NO')  +  5Pb  =  a{4PbO,NO')  +  NO:i 

With  rcgmrd  to  Peligot's  assumption  that  the  unit  contains  {  At.  acid,  it  iij 
not  easy  to  devise  n  formula  which  ehall  express  the  mode  of  fonnatio 
Ontnge-yellow  prisms  which  retain   their  water  till  heated  above 
They  dissolve  in  concentrated  acetic  acid  without  evolution  of  gas,  p 
ridcd  the  acid  be  gradually  added,  so  that  no  heating  may  take  plac 
The   yellow   solution    of  100   jmrts    of  this  salt  dissolves  27  parts 
peroxide  of  lead,  with  decoloration  of  the  liquid  and  formalion  of  nitr«M 
of  lead-oxide.     By  deeoniposing  the  salt  with  haryta-watcr,  we  ohtaia 
nitrate  Mid  nitrite  of  baryta,     The  crystals  dissolve  in  12dO  porta  of  colj| 
and  in  31  parta  of  boiling  water.  (Peligot.) 
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Crytidttixed, 

Calculation  1.  Peligot.. 

7PbO 784       ....       86-82  86-64 

2NO« 92       ....       10-19  10-41 

3HO  27       ....         2-99  3-03 


7PbO,2NO^  +  3Aq 903       ....     10000         10008 

Calculatioii  2. 

4PbO 448        87-50 

N0<  46        8-98 

2HO 18        3-52 

4PbO,NO^  +  2Aq 512         ZZ       10000 

Pcligot  fonnd  3-17  per  cent,  of  nitrogen,  which  corresponds  to  10'41 
hyponitric  acid.  (14  :  46=3-17  :  10*41.) — Borzelius,  by  boiling  1  part  of 
lead-nitrate  with  \\  pt.  lead-foil  and  oO  water,  for  a  long  time,  and 
leaving  the  liquid  to  cool,  obtained  sometimes  crystals  of  the  palo  red 
salt  A,  a,  sometimes  brick-red  needles.  The  latter  are  formed  when  the 
boiling  is  not  continued  long  enough,  and  consist,  according  to  Peligot, 
of  the  pale  red  salt  A,  a,  and  tiie  orange-yellow  salt  B,  a,  which,  being 
soluble  in  different  degrees,  may  be  partly  separated  by  digestion  in  a 
quantity  of  water  not  sufficient  to  dissolve  the  whole.  By  heating  1  mrt 
of  lead-nitrate  with  1}  parts  (2  At.)  of  lead  and  50  of  water,  till  the  lead 
is  completely  dissolved,  Berzclius  obtained  a  solution  which  yielded 
brick-red  scales  on  cooling,  and,  on  evaporating  the  mother-liquid,  the 
same  salt  was  obtained  in  brick-red,  fern-like  tufts,  together  with  the 
yellow  salt  B,  6. 

IT  According  to  Bromeis,  there  arc  likewise  two  other  orange-coloured 
salts  formed  by  boiling  lead-nitrute  with  metallic  load;  viz.  (1)  a 
conipound  of  a  nitrate  and  a  hyponitrate,  composed  of  4PbO,NO*-f- 
3PbO,NO»-|-3HO,  or  PbO,XO*-f  6PbO,NO»-i-3HO;  this  salt  cr^rstallizes 
in  orange-red  prisms  destitute  of  lustre;  (2)  a  compound  of  a  nitrite  and  a 
hyponitrate,  whose  formula  is  3PbO,N(P-i-4PbO,NO*-i-3HO,  aud  which 
crystallizes  in  orange-red  prisms  more  lustrous  than  the  salt  B,  a,  and 
having  a  greater  number  of  facets.  The  analyses  of  the  three  orange- red 
salts,  however,  approach  so  near  to  each  other  that  it  is  difficult  to 
believe  that  the  salts  are  really  different,  or  to  attribute  the  slight 
variations  observed  to  anything  but  accidental  impurity.  The  greatest 
differences  in  the  amount  of  lead  were  between  8602  ana  87*72  per  ccnt^ 
{Conqy.  Gerhardt,  Compt.  rend.  trav.Chim,  6,  166.)  IT 

b,  dibasic. — First  obtained  by  Proust,  who  regarded  it  as  a  nitrate  of  a 
suboxide  of  lead;  Berzelius  regarded  it  as  a  bibasic  nitrite  of  the  protoxide. 
— An  aqueous  solution  of  100  parts  (1  At.)  of  lead-nitrato  lieated  for 
some  hours  to  a  tem])crature  been  70^  aud  75°,  with  78  parts  (rather 
more  than  1  At.)  of  lead-foil,  acquires  a  yellow  colour,  and  deposits 
yellow  scales  of  this  salt  as  it  cools.  The  action  begins  between  50  and 
55"^,  but  is  quicker  between  70"  and  75°;  above  80°,  a  portion  of  the 
salt  is  decomposed,  with  evolution  of  nitric  oxide  gas.  On  the  first 
application  of  the  heat,  crystals  of  dinitmtc  of  lead-oxide  are  likewise 
deposited.  (Berzelius.)  Peligot  takes  63  parts  (1  At.)  of  lead  to  100 
parts  (1  At.)  of  the  nitrate: 

PbO,NO»  +  Pb  =  2PbO,NO^ 

If,  from  the  presence  of  too  much  lead,  and  from  too  lone  boiling,  the 
crystallized  salt  has  becomo  contaminated  with  orange-yellow  scues  of 
the  salt  B,  a,  Peligot  treats  it  with  a  small  quantity  of  hot  water  in 
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whidi  the  yellow  salt  B,bla  more  soluble,  and  leaves  it  to  ciystallize. — 
ChcTrenl  boils  the  aqueous  solution  of  lead-nitrate  with  excess  of  load 
only  till  the  liquid  turns  yelluw;  he  staten,  however,  that  thic(  procoss 
does  not  yield  a  pure  salt,  diuitrate  of  lead-oxide  becoming  mixed  with 
it  if  the  boiling  bo  not  continued  long  enough,  and  quiidrobasic  nitrite  if 
it  be  kept  up  tuo  long.  According  to  Bcrzeliuu,  78  parts  of  lead  and  100 
of  nitrate,  yields  after  complete  solution  of  the  lead,  nothing  but  tlio 
yellow  salt,  qnito  unmixed  with  the  brick-red  salt;  according  to  Poligot, 
on  the  contrary,  the  salt  fi,  a  becomes  mixed  with  it,  even  when  these 
proportions  are  used. — 2.  If  the  vapours  evolved  on  heating  fuming 
nitric  acid  are  passed  into  water  containing  finely  divi<ied  lead-oxide,  tho 
oxide  turns  white,  and  afterwards  dissolves  completely,  forming  a  deep 
yellow  liquid,  which,  on  evaponition,  yields  a  large  quantity  of  silky 
scales  of  nitrite  [or  hyponitrate?]  of  lead-uxide,  together  with  a  small 
quantity  of  nitrate.  (Fritzsche, /.  f>/'.  (-h^m.  li),  179.) 

Yellow,  shining  laminie  and  long  flat  needles.  They  blue  reddened 
litmus  (fierzelius),  have  a  slightly  sweet  and  astringent  taste  (Chevrcul), 
and  exhibit  two  axes  of  double  refraction.  (Horschel.)  Tlie  salt  does 
not  part  with  its  water  till  heated  above  100'.  (Pcligot.)  Gives  oft'  a 
jKirtion  of  its  acid  at  lOO"*,  and,  at  a  stronger  heat,  becomes  pasty  an<l 
darker  in  colour.  (Chevrcul.)  When  heated,  it  gives  off  aqueous  acid 
and  red  vapours,  but  without  fu.siug.  (Borzeliu.s.)  Evolves  red  vapours 
when  heated  with  stronger  acids.  (Borzeliu!:',  Chevreul.)  It  dissolves  in 
cold,  strong  acetic  acid,  forming  a  yollow  jsoliition,  and,  without  decom- 
position, if  tho  acid  be  added  gradually  so  as  not  to  occasion  rise  of 
temperature.  100  i)arts  of  the  Milt  <lissolved  in  acetic  acid  dissolve 
44  i>arts  of  peroxide  of  lead.  On  decomposing  it  with  baryta- water, 
nitrite  and  nitrate  of  baryta  are  obtained.  (Peligot.)  When  tlie  salt 
obtained  by  (1)  is  dissolved  in  boiling  water,  yellow  lamina)  separate  out 
as  the  liquid  cools;  the  mother-liquid,  if  evaporated  and  cooled,  yields  palo 
yellow  scales  and  finally  white  granular  crystals  together  with  yellow 
ones;  the  niother-liquitl,  after  a  portion  of  the  load-oxi<le  has  been 
jirecipitated  by  passing  carbonic  acid  through  it,  is  likewise  found  to 
contain  nitrate  of  lead-oxide.  (Chevrcul.) — The  Kilt  di.s.solves  in  80  parts 
of  water  at  25"^,  and  in  lOG  i»arts  of  boiling  water,  the  yellow  solution  is 
rendered  turbid  by  carlwrnic  aci<l.  (Chevrcul.)  The  solution,  after  very 
long  boiling  with  lead-oxide,  which  immediately  becomes  whitish  and 
flocculent,  yields  tho  pale-red  salt  A,  a,  (Chevrcul.) 

Peligot.  Borirclius.  Chevn*ul. 

2PbO  224     ....     80-28         ....         /U'lM)         ....         800       ....       SO'OO 

NO* 40   ....    lo-oo      ....      k;-.*^.'^     Ncy     13-0     ....     WIC 

110  y     ....       3-22         ....  3-33         ....  6-4       ....         2*84 

2Pl>U,NO*  +  Aq.     279     ....   10000         ....         OUrxi         Z.       100-0       ....     100~00~" 

Peligot  found  in  the  silt  4 "07  l)er  cent,  of  nitrogen. 

Bcrzclins  deconqK>sed  the  solution  of  the  bibasic  salt  R,  h  with  a  quantity 
of  sulphuric  acid  just  sulficicnt  to  precij^itate  half  the  lead-oxide,  an<l,  by 
evaporating  the  yellow  filtrate  in  vacuo,  obtained  lemon-yellow  octo- 
hedrons  containing  5*7  per  cent,  of  water;  the>e  crystals  he  rcgjirded  as 
niononitrite  of  le:wl-oxide.  This  salt  is  reganU'd  hy  Peligot  as  a  mixture 
of  niononitrite  and  mononitrate  of  lead-oxi<le. — Chevrcul  passed  carbonic 
aciil  gas  through  the  aqueous  solution  of  tho  biliasic  hyponitrate  as  long 
as  lead-oxide  was  precipitated.     The  filtrate^  when  evaporated,  gave  off 


red  vapours,  and  yielded  white  needles  of  dinitrata  of  lend-oxide,  togetlior 
with  vcUowish-nliito  scales  contniniog  that  salt,  and  likewise  the  dini- 
trito  [hypouitmto];  ufterwarda  it  j-ielJed  yellow  octohcdroua  consisting 
of  dinitrite  [hyponitrate]  and  mouoaitrate  of  Icod-oxide. 

T.  Oerfaanlt  regarda  the  two  salts  jnst  described,  nut  as  hyponitratee, 
but  aa  douhle  sails  composed  of  nitrates  and  nitrites.  Id  fact,  on  addiug 
a  solution  of  nitrate  of  silver-oxide  to  a  solution  of  the  biboeic  ealt  just 
described,  an  imniediate  precipitate  of  nitrite  of  silver-oxide  is  obtained. 


— According  to  this  view,  the  yellow  scales  first  formed  by  the  action  of 
melullic  lead  on  the  mononitrate,  are  composed  of  dinitrite  and  dinitrate 


of  icad-oxide; 

Z(2PbO,NO*,HO)  =  2P!iO,NO',HOt2PbO,NO*,HOj 
and  their  formation  may  bo  represented  as  follows  : 

2(PbO,NO>)  +  2Pb  +  ZHO  =  2PbO,NO=,HO  +  2PbO,NO'.HO. 
If  the  action  of  the  metaJiic  lead  be  further  continued,  a  fresh  pojtiou  of 


nitrate  is  de-oxidized, 

likewise  be  regarded  as  a  double  : 


lit  is  the  oruDge-yeilow  salt,  which  may 
basic  thau  the  former^ 


7PbO,2NO'  =  ^PbO.Nff  +  SPhO.NO*. 
Finally,  hy  the  continued  action  of  the  lead,  the  subnitrate  contained  in 
these  salts  is  reduced  in  its  turn,  and  one  or  other  of  the  subnitrites  A,  a, 
or  A,  c,  is  obtained.  {C'ompt.  rend.  trav.  Ckim.  6,  168.)  T 

C.  Nitrate  OF  Lead-oxide,  or  Lead-nitratr, — a.  Sexbatie. — Formed 
hy  precipitating  the  nionouitrate  with  ammonia,  and  digesting  the  waahed 
precipitate  with  that  alkali  for  twelve  hours. — White  powder,  having  a 
slightly  astringent  taste. — When  moderately  heated  it  gives  ofi*  frat«r, 
and  assumes  a  yellow  colour,  but  becomes  while  again  on  cooling;  when 
ignited  it  yields  yellow  pulverulent  protoxide  of  lead.  It  is  nearly  iiuo- 
luble  in  water,  (Berzetius.) 

Bencliai. 

6PbO     GJ2      ...      31-^3        9»-ao 

NO> &*       ...         7'35         


6PbO,NO»  +  Aq. 


735 


100-00 


b.  Terituic. — Tfinilrate. — Formed  by  precipitating  a  solution  of  i| 
jnononitrate  with  a  alight  excess  of  ammonia,  digesting  in  a  c^ose  r 
adding  more  of  the  mononitrate  in  drops,  digesting  again,  again  d 
in  the  mononitrate, — and  so  on,  till  only  a  very  slight  excess  of  aramoi 
remains  in  the  liquid,  too  small  to  bo  delected  by  its  odour,  and  00"^ 
rcoognizablc  by  the  fumes  which  it  gives  with  hydrochloric  acid.  The 
precipitate  ia  then  washed  and  dried  out  of  contact  of  air. — Wbito 
powder.  When  gently  heated,  it  givTS  off  water  and  turns  yellow,  but 
iecomes  white  a^'ain  on  cooling;  when  more  strongly  heated  it  leaves 
protoxide  of  lead  in  the  form  of  a  lemon-yellow  powder.  Slightly  soluble 
in  pure  water,  but  insoluble  in  water  containing  in  solution  various  salta 
which  do  not  exert  a  deoompoaing  action  on  the  compound.  (BcMelius.) 


CPbO    

aNO*  

3UO 

G72 
1U8 
27 

B3'27 
13'3B 
3-.1S 

Ber^elim, 
82-98 

3S0 

2(3PbO,NO*)t3.\i(.  ..  . 

807 

lOO'OO 

...       10000 
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e.  BOnmC'—DinUraJte, — 1.  By  boiling  1  part  of  the  monoDitrate  with 
1  part  of  lead-oxide  and  with  water,  then  filtering,  and  leaving  the  solution 
to  crystallize.  (Chevreul,  Ann,  Chim.  83,  70.) — 2.  By  heating  the  mono-' 
nitrate  with  white  lead  and  water,  filtering  at  a  boiling  heat,  and  leaving 
the  liquid  to  cool.  The  carbonic  acid  is  evolved  as  rapidly  as  if  free  nitrio 
add  were  present.  No  salt  containing  a  larger  excess  of  base  is  formed, 
eyen  if  the  white  lead  is  in  great  excess;  for  the  ilinitrate  does  not 
decompose  white-lead.  (Pelouzo,  Ann,  Chim.  Phys,  79,  107;  also  J.  pr, 
Chem.  25,  48b'.) — 3.  By  precipitating  the  mononitrate  with  a  quantity  of 
ammonia  not  sufficient  to  throw  down  the  whole  of  the  lead-oxide.  (Ber* 
zelius^  GUh,  46, 142.) — 4.  When  the  mononitrate  is  boiled  with  zinc-oxide, 
the  bibasic  salt  separates  from  the  solution.  (Persoz,  Ann,  Chim,  Phy^, 
58,  191.) — As  the  hot  aqueous  solution  cools,  the  suit  separates  in  white 
grains  and  pearly  laminsD  and  neodlci;,  having  a  slightly  sweet  and 
astringent  taste.  These  crystals,  when  gently  ignited,  leave  red-lead,  which, 
at  a  higher  temperature  is  converted  into  the  yellow  protoxide.  (Ber- 
zelios,  Pogg,  19,  312.)  At  100^  they  lose  but  little  water,  not  giving  off 
the  whole  till  heated  to  between  160^  and  190°,  and  slowly  even  then. 
At  200^  the  salt  turns  yellow  and  gives  off  red  vapours.  (Pelouze.) — 
Carbonic  acid  robs  it  of  half  its  lead-oxide.  (Chevreul.)  It  is  but  very 
sliffhtly  soluble  in  cold  water,  much  more  soluble  in  hot  water.  (Berzelios, 
Pelouze.) 

Calculation  1.  Berzelius.  Chevreul.. 

2n>0  224       ...       80-58         805         8014 

NO» 54       ....       19-42         19-5         19-8ff 


2PbO,NO» 278 


2PbO 
N0».. 
HO  . 


lOO'OO 

1000 

100-00 

Calculation  2. 

Pelouze. 

224       .. 

78-05 

78-0 

54 

..          lo'ol             .... 

190 

9 

3-14 

31 

2PbO,NO«  +  Aq 287       ...     10000         lOO'l 

According  to  Berzelius  and  Chevreul,  the  crystals  are  anhydrous,  or  at 
least  contain  nothing  but  water  of  decrepitation,  which  escapes  with 
yiolenoe  when  they  are  heated;  but  according  to  Persoz  and  Pelouze,  they 
contain  1  atom  of  crystallization-water. 

d.  Mononitrate. — Warm  <lilute  nitric  acid  dissolves  lead  but  slowly^ 
with  evolution  of  nitrous  gas;  the  same  compound  is  obtained  by  dissolv- 
ing the  oxide. — The  salt  belongs  to  the  regular  system.  Fig,  1,  2,  4,  13, 
and  20;  also  in  made-crystals,  like  those  of  spinelle.  (Haidinger,  Edinh^ 
J,  of  Sc.  1,  102;  Wackernagel,  Kastn,  Arch,  5,  295.)  Specific  gravity, 
4*3998.  (Karsten.)  The  crystals  exhibit  a  conchoidal,  not  a  laminar 
fracture;  they  are  harder  than  alum,  white,  with  a  waxy  lustre.  (Hai- 
dinger.) 

Dobereiner.     Svanbcrg.         Berzelius.      Chevreal. 

PbO 112     ....     67-4     ....     67-6     ....     67-40:<     ....     07-2225     ....     67 

N0» 54     ....     32-6     ....     32-4     ....     32-597     ....     327775     ....     33 

PbO,NO» 166     ....  1000     ....  1000     ....  100000     ....  1000000    ....  100^ 

The  salt  decrepitates  at  a  red  heat,  giving  off  oxygen  gas  and  hypo- 
nitric  acidj  and  leaving  protoxide  of  lead.  When  it  is  ignited  in  a  silver 
crucible^  not  sufficiently  to  decompose  it,  but  till  it  becomes  covered  with 
a  metallic  61m,  and  the  ma.s:^  when  cool  is  boiled  with  water,  the  tiiti-ato, 
after  cooling,  deposits  dinitnite  of  leiul-oxide,  and  the   mutlier-li4uid. 
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wlien  eyaporated  deposits  mcfallie  lead,  while  nitrate  of  lead-oxide 
remains  in  solntion.  (Hess,  Pogg,  12,  262.)  Detonates  with  brilliant 
sparks  when  thrown  on  red-hot  coals ;  slightly  when  triturated  with 
snlphnr.  The  inflamniabilitj  of  tinder,  blottiu^  papcr^  &c.,  is  greatly 
increased  by  soaking  them  in  a  dilute  solution  of  this  salt. — It  is  perma- 
nent in  the  air:  dissolves  in  water  producing  a  great  degree  of  cold.  (H. 
Rose.)  One  part  of  the  salt  dissolves  in  1'98J)  parts  of  water  at  17'5**, 
forming  a  liquid  of  specific  gravity  1*3978  (Karsteu),  in  1*707  water  at 
22'3%-  and  1-585  water  at  247°.  (Kopp.^  The  specific  gravity  of  a 
solution  saturated  at  8*=*  is  1'372.  (Anthon.)  Nitric  acid  precipitates  tho 
salt  from  its  aqueous  solution.  (Braconnot,  Ann,  Cfiim.  Pht/s.  52,  288.) 
Insoluble  in  alcohol.  When  present  in  excess,  it  exhibits  a  tendency  to 
combine  with  the  insoluble  lead-salt  formed  by  precipitation.  (Berzclius.) 

D.  Boronitride  of  LcadA — Cyanide  of  lead  ignited  with  boracio 
acid  in  the  manner  described  (III.  70)  yields  a  mass,  which^  after  wash- 
ing, gives  off  ammonia  when  treated  with  hydrate  of  potash. 

E.  PnosPHONiTRATE  OP  Lead-oxtde. — On  pouring  phoephorie  acid 
into  an  aqueous  solution  of  lead-nitrate,  or  evaporating  a  solution  of  lead- 
phosphato  in  nitric  acid,  crystalline  graiui^  are  (separated,  which  may  be 
dried  by  pressure  between  bibulous  paj>er  :  they  contain  2  atoms  of 
monophospliate  of  lead-oxide  combined  with  1  atom  of  nitrate;  and,  when 
heated,  are  converted,  with  evolution  of  nitrous  acid  vapours,  into  triphos- 
phate of  lead-oxide.  Cold  water  extracts  a  small  quantity  of  the  nitrate 
contained  in  these  crystals,  and  boiling  water  nearly  the  whole.  (Ber- 
zclius, Ann,  Chim,  Phya,  2,  161.)  A  solution  of  lead-phosphate  in  warm 
nitric  acid  deposits,  on  cooling,  pure  nitrate  of  lead-oxide  crystallized  in 
octohedrons  elongated  into  four-sided  prisms.  (Dujardin,  J,  pr,  Cheni, 
15,  309.) 

IF  P.  AzopnoppHATE  OF  Lead-oxide. — 3PbO,FN05-|-5Aq. — Formed 
by  adding  a  soluble  lead-salt  to  a  neutral  aqueous  solution  of  the  salts 
obtained  by  treating  chlorophosphido  of  nitrogen  (11.474)  with  alcohol 
and  ammonia.-^White  granular  powder,  which  is  decompose<l  by  am- 
monia.— When  heated  it  is  decomposed  in  a  similar  manner  to  the 
iron-salt  (q.  v.)    (Gladstone,  Chtm,  ^oc,  Qu,  J.  III.  149.)  IT 

G.  Nitrate  of  Lead-oxide  witu  Fluoride  of  Lead. — Fluoride  of 
lead  precipitated  from  a  solution  of  tho  nitrate  by  fluoride  of  sodium 
contains  nitrate  of  lead  in  a  state  of  admixture,  and  difficult  to  remove 
by  water.  (Berzelius.) 

H.  Plumbite  of  Ammonia. — I  part  of  litharge  dissolves  by  digestion 
in  6  parts  of  an  aqueous  solution  of  caustic  ammonia  or  carbonate  of 
ammonia,  forming  a  deep  yellow,  non-crystallizable  liquid.  (Karsten.) 
The  solution  is  turbid.  (Wittstcin,  Repert,  63,  329.) 

I.  Hyposulphite  of  Lead-oxide  and  Ammonia. — Formed  by  dis- 
solving  hyposulphite  of  lend-oxidc  in  a  moderately  strong  solution  of 
hyposulphite  of  ammonia — the  mixture  being  shaken  and  gently  heated 
— and  leaving  the  solution  to  crystallize  by  evaporation  in  the  air.  At  a 
boiling  heat,  sulphide  of  lead  would  be  precipitated;  a  small  quantity  of 
this  compound  is  formed  even  during  spontaneous  evaporation. — Trans- 
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parent  and  oolonrless  crystals  belongiog  to  the  right  prismatic  system. 
Fig,  55  nearly;  u  :  i<^=104^;  i  :  ^=104**,  SC. — Dissolves  easily  and  com- 
pletely in  cold  water.  The  solution,  after  standing  for  a  few  minutes,  or 
more  quickly  if  heated,  deposits  hyposulphite  of  lead-oxide  in  spangles, 
which,  if  heat  has  been  applied,  are  mixed  with  sulphide  of  lead;  sul- 
phates added  to  the  solution  do  not  produce  an  immediate  turbidity. 
(Rammelsbcrg,  Pofft;.  5G,  312.) 

Cryttallizcd.  RaniBiclaberg. 

2NH» 34       ....       1015         9-79 

PbO   112       ....       33-43         34-45 

3S-W 144       ....       42-99 

5H0  -45       ....       13-43 

2(NHH),  S20=)  +  PbO,S*0=  +  3Aq.        335       ....     10000 

K.  Sulphate  of  Lead-oxide  and  Ammonia. — Solphato  of  lead- 
oxide  dissolves  abundantly  in  hot  aqueous  sulphate  of  ammonia,  in  con- 
sequence of  the  formation  of  a  double  salt,  which,  howeyer,  separates  on 
cooling.  The  compound  may  be  prepared  by  precipitating  a  moderately 
strong  solution  of  lead-acetate  with  ililutc  sulphuric  acid  in  cxces.s — 
neutralizing  with  ammonia — heating  nearly  to  the  boiling  point  till  the 
precipitate  is  completely  re-dissolvod — and  leaving  the  solution  to  cryd- 
talliie  by  cooling.  If  the  precipitate  does  not  re-dissolve  completely, 
more  sulphate  of  ammonia  muH>t  be  added.  If  no  crystals  sejmrate  on 
cooling,  the  liquid  must  be  heated  again,  and  sulphuric  acid  a<lded  till 
turbidity  begins  to  show  itself.  The  double  salt  appears  to  form  with 
peculiar  facility  in  a  liquid  containing  a  large  quantity  of  acetate  of 
ammonia. — Small,  transparent,  and  colourless  crystals. — The  salt,  when 
ignited,  yields  a  sublimate  of  sulphite  of  ammonia,  and  a  residue  of  69*8 
percent,  of  lead  sulphate.  In  water  the  crystals  immediately  become 
qiiik-white,  the  water  dissolving  out  the  suljthate  of  ammonia  and,  after 
boiling,  leaving  69-2  per  cent,  of  Icad-sulphatc.  (Wiihler  &  Litton,  Ann. 

Pharm.  43,  126.) 

Litton. 

NH^O,S03 66      ....      r,0-28        303 

PbO,S(>' 152       ....       6U-72         6y8 

"  Nii^6,"s6=»"+  Pbo,so»  ~2i8     ....   loo'oo      ZZ,    "looT " 

L.  Ammonio -IODIDE  OF  Lead. — 100  parts  of  iodide  of  lea<l  absorb 
7*19  parts  (1  At.)  of  ammonia. — The  white  compound,  when  exposed  to 
the  air,  gives  off  the  whole  of  \i»  ammonia.  Under  water,  it  remains 
white,  but  is  decompo.«<cd  into  hydriodato  of  ammonia  which  dissolves, 
and  protoxide  of  lead  mixed  with  a  small  quantity  of  iodide.  (Rammels- 
bcrg, Pogg,  48,  166.) — Iodide  of  lead  immer.sed  in  dilute  ammonia  turns 
whitish,  and,  in  a  few  days,  is  converted  into  a  white  magm:i,  which  may 
be  dried  in  the  air  without  deconip()h:itioii,  but,  when  heated,  is  res<dved 
into  ammoniacal  gas  and  iodide  of  lead.  (Labourc,  N,  J,  P/uirm,  4, 
328.) 

M.  Iodide  of  Lead  and  Ammonu:m. — Ilydriodatc  of  ammonia  in 
excess  fonns  with  nitrate  of  lead  oxide  a  white  precipitate,  which  is 
decomposed  by  a  large  quantity  of  water.  (P.  BouUay.) 

N.  AMMONio-cnLORTDE  OF  Lkad. — 100  parts  of  chloride  of  lead 
absorb  very  slowly  and  with  .sli^dlt  intume.<«cenco,  J)"31  parts  (J  At.)  of 
ammoniacal  gas.  (n.  Rose,  Pogg,  20,  157.) 


0.  Chloride  op  Lead  and  Ammonidm.— o.  Becquerel  obtiime<]  this 
jnipouud  crystalliieil  in  needles  by  galvanic  action  t  (1,401.) — 6.  An 
queoufl  mixture  of  chloride  of  lead  iind  sal-ammoniac  is  Dot  precipitated 

y  siilpliuric  acid,  (Thenard.)  '~~ 


Lead  and  Potassium. 

r  A.  AtLOY  OP  Lead  and  Potassiitm. — 4  volumes  of  lead-filings  corn- 
tine  at  the  melting  point  of  lead  with  1  volume  of  iiotoasium,  forming  n 
brittle,  easily  fusible  alloy,  which  exhibits  a  fine-grained  fracture  and 
eflervescea  strongly  with  water,  but  still  more  witb  a<|ueons  acids.  (Oay- 
Lusaoc  li  Thenard.) — By  reducing  100  parts  of  lead-oiide  at  a  strong  rod 
heat  with  100  parts  of  thoroughly  burnt  or  GO  parts  of  partially  burnt 
tartar,  a  grey,  brittle  lead  is  obtained,  which  has  a  fibrous  texture  and 
alkaline  taste,  and,  according  to  Vnuquelin  (^'cAic.  21,  232),  does  not 
cfTervesce  with  water;  according  to  SeruUas,  however  (.^nn.  Chim..  FAyt. 
21,  200),  it  effervesces  slowly. 

B.  Plcmbitb  of  Potash. — Protoxidt  of  Lead  wil/i  Potank. — Lithargs 
dissolves  in  hot  pota*b-ley,  forming  a  yellow  liquid  which  does  not 
crystallize;  carbonate  of  potash  at-ta  in  a  similar  manner.  (Karsten,  SAer. 
J,  5,  575.) — When  white  lead  is  boiled  with  potash-ley,  a  colonrlew 
solution  is  obtained;  and  this  solution,  on  cooling,  yietils  small,  silver- 
white,  crystalline  scales  which  acquire  a  grey  tarnish  by  exposure  to  th« 
air.  The  remaining  liquid  forms,  on  evaporation,  a  brownish- red,  scaly, 
eliining  mass,  which  re-dissolves  in  water,  with  the  exception  of  a  few- 
shining  scarlet  scales.  Metallic  lead  is  precipitated  from  the  solution  by 
phosphorus  and  zinc,  but  not  by  iron.  Tin  immersed  in  a  solntion  of 
plumbite  of  potash,  throws  down  all  the  lead:  a  cose  of  reciprocal  affinity. 
(Fischer,  Poijg.  9,  263.) 

C.  PlcmbatkofPotabh. — Peroxide  of  Lead  with  Potath. — Formed  b/ 
fusing  peroxide  of  load  with  excess  of  potash-hytlrate  in  a  silver  crucible, 
ilissolving  in  water,  and  evaporating;  the  compound  is  then  obtained  in 
definite  crystals.  It  may  likewiise  be  formed  by  fusing  potash-hydtats 
with  the  yellow  protoxide,  which  is  then  converted  into  the  peroxide  b* 
absorbing  oxygon  from  the  air. — This  salt  dissolves  without  decomposi- 
tion in  caustic  potash,  but,  in  contact  with  pure  water,  it  turns  red  and  ia 
resolved  into  aqueous  potash  and  precipitated  peroxide  of  lead.  (Frem;, 
jV.  J.  P/ia,-m.  3,  32.) 

D.  HvposcLpuiTE  OP  Lbad-oxidb  and  Potash. — Formed  by  Jissolr- 
ing  hyposulphite  of  lead-oxide,  w^ith  agitation,  in  warm  aqueous  hyp<H 
sulphite  of  potash,  and  leaving  the  solution  to  ciystaltize  by  cooling.  If 
the  liquid  is  tolerably  conccntratml,  it  solidifies  in  a  white  mass,  by  tbe 
formation  of  extremely  delicate,  silky  needles,  which  must  bo  pressed  to 
free  theui  from  the  mother- liquid,  that  liquid  always  containing  a  largo 
quantity  of  free  potash-ealt. — Th«  double  salt,  when  heated  out  of  con- 
tact of  air,  gives  off  sulphurous  acid  and  sulphur,  and  leaves  a  residne 
amounting  to  7~S'J  per  cent.,  and  consisting  of  Kulpbide  of  potassium, 
sulphate  of  potash,  sulphide  of  lead,  and  sulphate  of  Icad-oxidc.  It  dis- 
solves in  water,  with  partiii!  separation  of  hyposulphite  of  lead-oxide  in 
shining  spau-les.     The  solutiuu   is  not  clouded  by  sulphates,  nud  after 
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some  time  onlj^  by  sulphuric  acid,  the  precipitate  then  formed  consisting 
of  solpliur  and  sulphate  of  leod-oxido.  (Ramuielsborg,  Pogg.  56,  310.) 


2K0 
FbO 
ZSKP 
2HO 


Cryttallized, 

Rammelsberg. 

94-4     ...     25-62 

2«-29 

1120     ...     30-40 

28-97 

1440     ...     3909 

180     ...       4-89 

2(KO,S202)  +  PbO,S20-  +  2Aq.       368-4     ...  lOO'OO 

E.  Sulphate  op  Lead-oxide  and  Potash.  —  Precipitated  when 
Bncar-of-lead  is  mixed  with  sulphate  of  potash.  It  appears  to  contain 
salphate  of  lead-oxide  and  sulphate  of  potash  in  equal  numbers  of  atoms; 
but  the  longer  it  is  boiled  with  water,  and  the  greater  quantity  of  water 
present,  the  >2^eater  is  the  quantity  of  sulphate  of  potash  dissolved  out  of 
it.  (TrommsdorfT,  TascJienb.  1825,  1.) 

F.  Iodide  op  Lead  and  Potassium. — a,  2KI,PbP. — Separates  in 
yellowish^  silky  crystals,  on  pouring  a  solution  of  load-nitrate  into  an 
excess  of  concentrated  aqueous  iodide  of  potassium. 

Boullay. 

2KI    330-4       ...       58-96         64 

Pbl 2300       ...       41-04         36 

2KI,PbI    5G0-4       Z     10000         ZZ^.       100 

b,  2KI,3PbL — 1.  The  mother-liquid  poured  oflf  from  a  jichla  yellow 
prisms  after  a  few  days. — 2.  The  mother-liquid  poured  off  from  the  yellow 
prisms  and  mixed  with  alcohol,  deposits  white  crystals  having  a  silky 
lustre. — If  water  be  added  instead  of  alcohol,  yellow  iodide  of  lead  is 
separated  at  first,  but  it  is  soon  converted  into  the  white  salt  6. — 3.  When 
nitrate  of  lead-oxide  is  poured  into  a  less  concentrated  solution  of  iodide 
of  potassium,  a  yellow  precipitate  is  formed,  but  is  soon  converted  into 
white  silky  needles,  which  thicken  the  liquid.  On  heating  the  mixture, 
yellow  ioaide  of  lead  is  formed,  which  still  retains  the  form  of  the 
needles,  and,  on  cooling,  is  reconverted  into  white  iodide  of  lead  and 
potassium.  (P.  Boullay.) — This  salt  is  formed,  together  with  carbonate 
of  lead-oxide,  on  boiling  iodide  of  lead  with  a  concentrated  solution  of 
carbonate  of  potash.  (Berthemot,  J.  Phann.  13,  311.)  Becquerel  ob- 
tained it,  by  electrolytic  action,  in  white  silky  needles.  (I,  401.) — The 
needles  are  permanent  in  the  air.  When  heated,  they  turn  yellow,  give 
off  a  small  quantity  of  water,  and  fuse  into  a  red  liquid,  which,  on  cooling, 
solidifies  in  a  yellow  mass.  Heated  with  sulphuric  acid,  they  deposit,  first 
iodide  of  lead,  and  then  sulphate  of  lca<l-oxide.  Water  separates  iodide 
of  lead  from  the  crystals,  dissolving  out  the  iodide  of  potassium,  together 
with  a  small  quantity  of  iodi<le  of  lead,  which,  however,  wh<»n  a  largo 
quantity  of  water  is  used,  does  not  exceed  a  mere  trace.  Cold  alcohol 
has  no  action  on  the  crystals;  hot  alcohol  leaves  iodide  of  lead  undissolved 
and  deposits  the  salt  b  on  cooling,  iodide  of  potassium  remaining  in 
solution.  (Boullay,  /.  Pharm.  12,  G39;  also  Ann.  Chim.  PJujs,  34,  366.) 

Boullay. 


2KI   

3PbI  

330-4     ...     32-38 
690-0     ...     67-62 

(1) 
30-5 

69-5 

(2) 
...     31 
...     69 

...     30-25 
...     69-75 

2KL3PbI  ... 

1020-4     ....  100-00 

....       100-0 

...  100 

...  100-00 

The  crystals  (3)  likewise  contain  3  per  cent,  of  water.  (Boullay.) 
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G.  Bromide  op  Lead  and  Potassium. — When  concentrated  solutions 
of  nitrate  of  lead-oxide  and  brnmido  of  jiotassiiim,  the  latter  somewhat  in 
excess,  are  mixed,  filtered,  and  evaporated,  small  octolicdrons  are  pro- 
duced, soluble  without  decomposition  in  a  very  small  quantity  of  water, 
hut  decomposed  by  a  larger  quantity,  with  separation  of  bromide  of  lead. 
(Lbwig.) 

Crystallized.  Lowig.  Or : 

K .39-2     ...     130r»  ...  12-90  KBr  117-6     ...     392 

Pb    104-0     ...     34-Gt)  ...  30-38  PbBr 182-4     ...     00*8 

2Br 156  8     ...     5226  ...  50-72  

KBr,PbBr      8000     ...  10000       T!     100^00  3000     ...   1000 


Lead  and  Sodium. 

A.  Alloy  op  Lead  and  Sodium. — 4  volumes  of  lead-filings  heated 
with  1  volume  of  sodium  to  the  melting  point  of  lead,  fuse  with  evolution 
of  heat,  but  not  of  light,  and  form  a  bluish-grey,  slightly  extensible, 
fine  grained  alloy,  which  melts  at  the  same  temperature  as  lead,  oxidizes 
in  tiie  air,  and  effervesces  slightly  in  water,  but  strongly  in  aqueous 
acids. — 3  volumes  of  lead-filings  form,  with  1  volume  of  sodium,  a  brittle, 
easily  oxidable  alloy.  (  Gay-Lussac  &  Thcnard.)  An  alloy  may  also  bo 
formed  by  igniting  lead  with  charred  soap. 

B.  Plumbite  op  Soda.  —  Litharge  dissolves  in  a  boiling  aqueous 
solution  of  caustic  soda  or  carbonate  of  soda,  forming  a  yellow  liquid. 
(Karstcn.) 

C.  Plumbate  op  Soda. — Analogous  to  plumbate  of  potash.  (Premy.) 

D.  Carbonate  op  Lead-oxide  and  Soda.  —  When  nitrate  of  lead- 
oxide  is  precipitated  by  carbonate  of  soda,  the  precijtitate  boiled  in  the 
alkaline  liquid,  and  afterwards  washed  and  dried  at  IGO^,  this  precipitate 
evolves,  on  ignition,  15-18.5  percent,  of  carbonic  acid,  and  is  therefore 
comi)oscd  of  NaO,CO'-l-4(PbO,CO").— (Berzelius,  Foffg,  47,  199.) 

E.  Sulphide  op  Lead  and  Sodipm.  —  20  parts,  of  lead-sulphate 
heated  to  whiteness  in  a  charcoal  crut-iblc  with  10  j>arts  of  dry  sulphate 
of  soda,  yield  S'o  parts  of  metallic  lead,  and  10  parts  of  a  metallic  sul- 
phide containing  from  20  to  25  per  cent,  of  sul])hide  of  sodium.  Sulphide 
of  lead  and  sodium  is  a  shining,  lead-grey,  brittle  8ul>stance,  exhibiting  a 
close  fracture.  Water  dissolves  out  the  sulphide  of  sodium  from  it,  and 
leaves  a  compound  of  one  atom  of  sul])hur  with  moro  than  one  atom  of 
lead.  (Berthier,  Ann.  Chiin.  Phys.  22,  215.) 

F.  HvposuLrniTE  op  Lead-oxide  and  Soda. —  Formed  by  adding 
acetate  <»f  lead- oxide  to  aqueous  hyposulphite  of  soda,  as  long  as  the 
j)recipitatcd  hyposulphite  of  Icad-oxide  re-dissolves  on  agitation — precipi- 
tating the  double  salt  from  the  filtrate  with  alcohol — ami  washing  tho 
precipitate  with  alcohol.  It  may  also  be  obtained  by  dissolving  chloride 
of  lead  in  hyposulphite  of  soda. — The  precii)itato  becomes  crj'stalline 
after  awhile.  It  dissolves  sparingly  in  water,  but  very  freely  in  aqueous 
acetate  of  soda.  (Lenz,  Ann.  Fharm.  40,  98.)  It  resembles  the  potash- 
aalc  in  every  respect.  (Rammelsbergy  Pogg,  56^  311.) 
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2NW) 62-4 

PbO    1120 

3S«0S 1440 


Lenz. 

19*60 

19-09 

3518 

35-84 

45-22 

4611 

2(NaO«S>OS)  +  PbCS^O^ 318-4     ...  10000        10104 

0.  Sulphate  of  Lkad -oxide  and  Soda. — Sulphate  of  lead-oxide  and 
ralpbate  of  soda  in  equal  numbers  of  atoms  fuse  at  a  red  heat,  forming  a 
liqaid  as  thin  as  water,  and  yield,  on  cooling,  an  ofiaquc  mas;«,  having  an 
uneven,  non-crystalline  fracture.  (Berthier,  Ann,  Cliim.  Fhys.  38,  25(5.) 

H.  Iodide  of  Lead  and  Sodium. — Becquerel  obtained  this  compound, 
by  the  electrolytic  method,  in  needles  having  a  silky  lustre.  (I,  401.) 

1.  Bromide  of  Lead  and  Sodium. — May  bo  prepared  in  the  same 
vay  as  the  potassium  compound.  Crystallizes  in  prisms.  Dccomposible 
by  water.  (Lbwig.) 

K.  Chloride  of  Lead  and  Sodium.  —  Obtained  by  Becquerel  in 
tetrahedrons,  by  the  electrolytic  method.  (I,  401.) 


Lead  and  Barium. 

A.  Plumbite  op  Baryta. — Boiling  baryta-water  forms  with  lead- 
oxide  a  deep  yellow  solution,  which,  on  evaporation,  leaves  its  two  consti- 
tuents separate  [in  tho  form  of  carbonates  ?J.  (Kar^ten.) 

B.  Sulphide  op  Lead  and  B.vrum. — 15  parts  of  sulphide  of  load 
heated  to  whiteness  in  a  ciiarcdal  (TUf*il»lo  with  l.'i  iKirts  of  sulphate  of 
baryta  yield  17  pi/rtsof  sulphide  of  loud  and  l)ariuiii,  Hiilpliide  of  lead 
being  sublimed  and  a  small  (juantity  (»f  metallic  lead  reduced. — This  com- 
pound is  of  a  dingy  red  colour,  without  nietiiUic  lustre,  and  of  shining 
lamiuar  fracture.  Water  extracts  tlie  sulpiiidc  of  barium  and  leaves  10 
per  cent,  of  sulphide  of  lead.  (Berthier.) — When  sulphide  of  leatl  and 
sulphide  of  barium,  in  etjual  numbers  of  atoms,  are  heated  to  whiteness  in 
a  charcoal  crucible,  tho  greater  part  of  the  lead-sulphide  volatilizes,  and 
there  remains  a  well  fuseil,  blistered  mixture,  having  a  brown-red  colour 
and  waxy  lustre,  and  yielding  a  red  powder.  (Fournct.) 

C.  Hypos ulpiitte  of  Lp.ad-oxide  and  Baryta. — Hyposulphite  of 
lead-oxide  and  potatih,  mixed  with  acetate  of  baryta,  throws  down,  after 
a  few  minutei^,  a  precipitate  c(m.sisting  of  the  barvtic  double  salt.     The 
prccipitjite,  however,  is  mixed  with  free  hyposulpliite  of  baryta,  because  ut 
the  >olution  of  the  |K)tas;jic  double  salt  contains  free  hyposulphite  o£  of 
pota.sli.     The  di^rt'^tion  of  hyp(».sulphite  of  baryta  with  water  and  hy^iblea 
sulphite  of  lead-oxide  does  not  fonn  a  solution.   (Uammelsberg,    "^onia  a 
!i(y,  313.) 

D.  Chloride  oi^  Lead  and  Barium.—  Obtained  by  th^i/"^^*^!'  ^'^cW 
method  in  crystals  having  a  silky  lustre.  (Becquerel,  ^^  J^^^^^f  ^  ^  I    ' .  ^^ 

•rongly  taruished  by 


164  LEAD. 


Lead  and  Strontium. 

Hyposulphite  op  Lead-oxide  and  Strontia. — Hyposulphite  of 
lead-oxide  dissolves  abundantly  in  aqueous  hyposulphite  of  strontia;  the 
solution,  however,  yields  no  crystals,  but  deposits  a  syrup  on  the 
addition  of  alcohol.  (Rammclsberg.) 

Lead  and  Calcium. 
A.  Plumbiteop  Lime.— Heated  lime-water  dissolves  lead-oxide,  form- 


isuiuuic  lu   waiter,   lonning   a  bojuliou  which    niacKens  wuui,    ui 
bom.  (Karsten,  Scher.  J.  5,  575;  Berthollet,  Ann.  Chim,  1,  52.) 

B.  Carbonate  op  Lead-oxide  and  Lime. — PlumhihcalciU. — ^Obtuse 
rbombohedrons,  Fiff,  141;  r*  :  r*=104®  53'  (Brewster).  Specific  gravity 
2*824.  Softer  than  calcspar;  transparent,  with  a  pearly  lustre. — Contains 
92*2  per  cent,  of  carbonate  of  lime,  7*8  p.  c.  carbonate  of  lead-oxide,  and 
a  trace  of  ferric  oxide.  Decrepitates  in  the  fire,  and  by  continued  ignition 
acquires  a  brownish  or  reddish  colour.  With  carbonate  of  soda  on 
charcoal  before  the  blowpipe,  it  yields  a  white  enamel  but  no  globules  of 
lead.  (Johnston,  iV.  Edinb,  /.  ofJSc.  G,  79;  also  Foffg.  25,  312.) 

C.  Hyposulphite  op  Lead-oxide  and  Lime. — From  a  solution  of 

hyposulphite  of  lead-oxide  in  aqueous  hyposulphite  of  lime,  whicli  is  not 

rendered  turbid  by  the  addition  of  sulphates,  alcohol  throws  down  the 

double  salt   in  white  crystalline  granules,   partially  decomposiblo   by 

water.  (Rammelsberg.) 

Cryttallized,  Rammelsberg. 

2CaO 56     ....     16-09        17-00 

PbO   112     ....     3218         30-29 

38=0^ 144     ....     41-38 

4HO  36    ....     10-35 

2(CaO,820«)  +  PbO,S*0>  +  4  Aq.       348     ....  10000 

D.  Phosphate  op  Lead-oxide  and  Lime  with  Chloride  op  Lead. 
''—N ussier iU,  —  This  mineral  occurs  in  connexion  with  Pyromorphite 
(p.  149).  Very  obtuse  rbombohedrons.  Specific  grarity  5-0415.  Yel- 
lowish, greenish,  or  greyish,  with  a  faint  waxy  lustre.  After  fusion 
before  the  blowpipe,  it  solidifies  into  a  whitish,  angular  enamel.  Forms 
a  yellowish  glass  with  borax.  Dissolves  readily  and  without  effervescence 
in  nitric  acid.  Contains:  PbCl  7-65,— CaO  12-30,— PbO  46-50,— 
T^'eO  2-44,— cPO'  19-80,— AsO'  406,— quartz  720  (less  005).  (G.  Bar- 
el,  Ann,  Chim.  Phys.  62,  217;  also  J.  pr.  Chem,  10,  10.) 

acet. 

precip.SuLPHATE  op  Lead-oxide  with  Fluor-spar. — a.  One  atom  of 

tatiii^  tr  ''^ith  one  atom  of  lead-sulphate  fuses  very  easily  to  a  thin 

precinitate'^h,  on  cooling,  yields  a  dense,  spongy  mass,  of  uneven,  non- 

of  lead  in  Htcture. — h,  1  At.  fluor-spar  with  2  At.  lead-sulphate :   Fuses 

after  awhile. "  &^^  forms  as  thin  a  liquid  as  the  above,  and  yields  a 

acetate  of  Bodsk.  (I^^*©,  stony  mass.— c.  1   At.   fluor-spar  with   4   At. 

salt  in  ereiy  mpectfl  'o  oompleiely,  «nd  forms  yellowish,  blistered, 
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crumbling,  granular,  but  not  crystalline  moss. — d,  1  At.  fluor-spar,  1  At- 
lead-8ulphate,  and  1  At.  lime :  This  mixture  yields  sulphate  uf  lime  and 
nncombined  lead-oxide;  fuses  very  easily  to  a  very  thin  liquid,  which, 
on  cooling,  forms  a  pale-grey,  crystalline-laminar  mass. — e,  4  parts  of 
fluor-spar,  .5  of  heavy-spar,  G  of  ignited  gypsum,  and  5  of  lead-sulphate : 
Fuses  perfectly  at  an  incipient  white  heat  and  forms  a  thin  liquid. 
Dense  white  enamel,  having  an  uneven  fracture.  (Bcrthior,  Ann,  Chim, 
Fhys.  43,  298.) 

Lead  and  Aluminum. 

Phosphate  op  Lead-oxide  with  Hydrate  of  Alumina. — Hydrous 
Aluminate  of  Lead ^  Flombgomme,  Bleigammi, — Amorphous;  harder  than 
flaor-spar;  of  conchoidal  fracture;  yellowish-brown;  translucent.  When 
heated,  it  decrepitates  strongly,  gives  off  water,  turns  white,  swells  up, 
and  fuses  partially  if  urged  by  a  strong  blast.  With  carbonate  of 
8oda  on  charcoal,  it  yields  globules  of  lead.  Assumes  a  blue  colour 
when  ignited  with  nitrate  of  cobalt.  Dissolves  in  nitric  acid.  (Berzelius, 
Schw.  27,  65;  Jahresber,  21,  214;  Dufrenoy,  Ann,  C/iim,  Fkt/s.  59,  440; 
also  «/.  pr,  Ctiem,  7,  163;  Damour,  Ann.  Mines.  Ser,  3,  17,  191;  also 

J.  pr.  Chem.  21,  126.) 

Berzelius.     Berzelius.    Dufrenoy. 

Plombgomme,  Huelgoct.  Iluclgoct.  Nuui^. 

3PbO    336-0     ....     38-28  ....  35-10     ....  4014  ....     4342 

PO» 71-4     ....       814  ....  8-06     ....  ....       1*89 

6AP0> 308-4     ....     3513  ....  34*32     ....  3700  ....    34*23 

18HO  162-0    ....     18-45  ....  18-70     ....  18-80  ....     16-14 

CaO ....  ....  0-801 

PeW   ....  ....  0-20>  ....  1-80 

in>cL.....................!.....!!!.!.!!  Z  Z    2-27  seo^  o-6o  ....    2-11 

SO" ....  ....       0-30   80=     0-20 

6(A1K)»,3H0)  +  3PbO,PO*    8778    ....  10000    ....    99-75    ....    9854    ....    9779 


Lead  and  Silicium. 

A.  SiLiciDE  OF  Lead. — The  two  metals  fuse  together  before  the 
blowpipe  and  form  a  malleable  alloy,  which,  when  dissolved^  in  acids, 
leaves  a  residue  of  silica.  (Berzelius,  Fo(^g.  1,  220.) 

B.  Silicate  of  Lead-oxide,  or  Lead-silicate. — a.  Silica  fuses  with 
lead-oxide  to  a  yellow-glass.  Glass  formed  of  equal  parts  of  lead-oxide 
and  silica  does  not  become  dull  in  the  air  of  a  town  (as  from  the  action  of 
sulphuretted  liycirogen,  which  might  form  sulphide  of  lead);  nor  even 
when  3  parts  more  of  lead-oxide  arc  added  to  8  parts  of  the  glat^s;  but 
the  tarnishing  takes  place  if  8  parts  of  the  glass  are  fused  with  1  part  of 
potash.  (Faraday,  Fogg.  18,  568.)  Lcad-oxidc  attacks  earthen  crucibles 
when  fused  in  theni.----^.  Silico-fluorido  of  lead  yields  with  ammonia  a 
precipitate  of  lead-silicate. 

C.  BoRosiLiCATE  OP  Lkad-oxidk. — 112  parts  of  load-oxide  yield 
with  16  parts  of  silica  and  24  of  boracic  acid  a  yellow  glass,  of 
specific  gravity  6*44,  which  fuses  less  eiu^^ily  than  borate  of  lead-oxido 
(p.  128)  but  more  easily  than  fliut  glas^i,  and  is  strongly  tarnished  by 
immersion  in  hydrosulphurio  acid  gas.  (Faraday,) 
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D.  SiLicoFLUOBiDE  OF  Lead. — PbF,SiP.— A  solution  of  lead-oxide 
in  hydrofluosilicio  acid  dries  up  to  a  translucent  gum,  having  the  taste  of 
other  lead-salts,  and  ro-dis;iolving  perfectly  in  water.  (Berzelius.) 

E.  Silicate  of  Lead-oxide  and  an  Alkali. — a.  Lead  ■glass.—' 
Lead-oxide  forms,  with  silica  and  potash  or  soda,  a  vitreous'mass,  which  is 
distinguished  from  other  kinds  of  glass  by  its  greater  density,  refracting 
power,  softnosi*,  and  fusibility,  and  has  so  much  the  greater  tendency  to 
oecomc  tarnished  in  im])urc  air  with  sulphide  of  Icud,  as  it  is  richer  in 
Icnd-oxido  and  mure  finely  divided.  A  lar^  quantity  of  lead-oxide 
colours  it  yellow,  and  the  presence  of  metallic  lead  (or  the  suboxide) 
gives  it  a  green  tint:  FluU-glass,  Maimer  Fluss,  Glazing.  (III.  880, 
381.) 

0.  Containing  a  larger  proportion  of  poi ash. — The  aqueous  solution  of 
soluble  glass  (III.  371)  if  agitated  with  lead-oxide,  takes  up  a  portion  of 
that  substance,  slowly  at  ordinary  temperatures,  but  more  quickly  when 
heated,  and  is  thereby  converted  into  a  stiff  jelly,  which,  when  exposed 
to  the  air,  dries  up  to  an  opalescent  mass.  (Fuohs,  Kastn.  Arch,  5,  401.) 

F.  Silicate  of  Ziuconia  and  Lkad-oxide.— a.  2PbO,2ZrO,SiO'. — 
91*8  parts  (1  At.)  of  zircon  fuse  with  224  parts  (2  At.)  of  lead-oxide, 
forming  a  yellow,  translucent,  dense  mass,  having  a  waxy  lustre  and 
resembling  gamboge. — 6.  PbO,2ZrO,SiOl — 91 '8  parts  (1  At.)  of  zircon 
soften  when  heated  with  112  parts  (1  At.)  of  lead-oxide  and  form  a  stiff 
paste,  which  solidifies  in  a  homogeneous,  waxy,  opaque  mass.  Both  these 
compounds  are  easily  attacked  by  acids.  (Berthier,  Ann,  Chim,  rhys, 
59,  193.) 

Lead  and  Titanium. 

Fluoride  of  Titanium  and  Lead. — Small  colourless  crystals,  which 
taste  sour  at  first,  but  afterwards  sweet  and  astringent,  and  dissolvo 
easily  in  water  without  decomposing.  (Berzelius,  Fogg.  4,  5.) 

Lead  and  Tantalum. 

Fluoride  of  Tantalum  and  Lead. — Difficultly  soluble  in  wat^r, 
(Berzelius.) 

Lead  and  Tungsten. 

A.  TuNGSTiDE  OF  Lead. — Formed  by  exposing  a  mixture  of  load 
and  tungstic  acid  to  a  very  intense  heat  in  a  charcoal  crucible. — Dark 
brown,  with  a  faint  lustre,  spongy,  and  very  ductile.  (De  Luyart.) 

B.  TuNGSTATE  OP  Lead-oxide,  or  Lead-tungstate. — a.  Mono- 
tnngstate, — Found  native,  as  Scheelitine.  Belongs  to  the  square  prismatic 
system;  isomorphous  with  tnngstate  of  lime  (Kobell,  Schw.  64,  410),  and 
with  molybdate  of  lead-oxide  (A.  Levy,  u47ni.  Fhil,  28,  364;  also  Fogg. 
8,  5  J  3);  Figs,  24,  28,  32,  35,  with  truncation  of  the  edges  between  e  and  f'; 
e  :  e"  =  131''  30';  e  :f  =  154^  56"  (Levy).  Cleavage  parallel  to  /;and  e. 
(Breithaupt.)  Specific  gravity  8*0,  Harder  than  gypsum.  Colourless 
or  brownish-whitej  transparent  or  translucent,  with  a  waxy  lustre. 
Fuses  before  the  blowpipe^  covering  the  charcoal  with  a  deposit  of  lead- 
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oxidei  ud,  on  ooolingi  solidiBes  in  the  form  of  a  dark  crystallino  fflobale. 
With  borax  it  fields  a  colourless  glass  in  the  outer  flame,  aDcT  in  the 
inner,  a  yellowish  glass,  which  becomes  grey  and  opaque  on  cooling;  if 
the  fusion  with  borax  be  continued  for  a  longer  time,  lead  is  vohttilized, 
and  a  clear  dark-red  glass  is  formed.  With  microcosmic  salt,  this 
mineral  forms  a  colourless  glass  in  the  outer  flame,  and  a  blue  glass  in 
the  inner.  With  carbonate  of  soda  on  charcoal,  it  yields  globules  of 
lead.     Dissolves  in  nitric  acid,  with  separation  of  yellow  tungstio  acid. 

AVhen  a  lead-salt  is  precipitated  with  monotungstatc  of  potash,  a 
■white  anhydrous  powder  is  obtained,  which  when  heated,  first  turns  grey 
and  then  yellowish,  fuses  at  a  red  heat,  and  solidifies  in  a  crystalline 
mass  on  cooling.  Insoluble  in  water  and  cold  nitric  acid,  but  soluble  in 
caustic  potash.  (Anthon,  J.pr.  Chem,  9,  342.) 

6.  Bitnng9tate. — Formed  by  precipitating  nitrate  of  lead-oxide  with 
bitungstate  of  ammonia. — White  powder,  insoluble  in  water.  (Bcrzolius.) 

Lampadius.  Anthon. 

Monotungttaie.                    native.  artificial. 

PbO  112  ....  48-28   48-25   ....  48*4 

WO* 120  ....  51-72   51-/5   ....  51-6 


PbO,\VO» 232     ....  100-00       100-00       ....     1000 

Bitungstate.  Berzelius. 

PbO 112       ....       31-8         28-58 

2WOa  210       ....       68-2         71-42 

PbO,2W03 352       ....     1000         10000 

D.  ScLPnoTUNGSTATE  OP  Lead, — PbS,  WS*.  By  mixing  sulpho- 
tnngstatc  of  potassium  with  a  lead-salt.  Dark  brown  precipitate,  almost 
black  when  collected.  If  a  lead-salt  be  precipitated  by  the  compound 
of  sulphotungstate  of  potatJsium  with  tungstate  of  potasii  (IV,  40),  the 
n»ulting  precipitate  is  of  a  dingy  yellow  colour.  (Berzelius.) 

Lead  and  Molybdenum. 

MoLYBDiDE  OP  Lead. — Lead  alloyed  with  a  small  quantity  of 
molybdenum  is  whiter  than  pure  lead,  hard,  and  somewhat  malleable; 
with  a  larger  quantity  of  molybdenum  it  forms  a  black,  brittle  mass. 
(Hjelm.) 

B.  Molybdate  op  Lead-oxide,  or  Lead-molybdate. — Occurs  in  the 
form  of  Yellow  Lead-ore,  Jfelinose  (GelLUeierz).  Prepared  artificially  by 
precipitating  nitrate  of  lead-oxide  with  monomolybdate  of  ammonia.  The 
Dative  variety  belongs  to  the  square  prismatic  system.  Fi(/8.  23,  24,  2,5, 
27*,  28,  33,  and  other  forms.  e:c"=7fi°4(y;  e:6''=128^;  p:<?=141"  40*; 
e :  r=il  28"^  20  ;  p  :  a=l40  V.  Clcava^^o  parallel  to  p,  e,  and  r.  (Hauy.) 
Specific  gravity=6-70.  (Mobs.)  Harder  than  gypsum;  yellow,  trans- 
Incent,  with  a  waxy  lustre.  Decrepitates  strongly  when  heated  and 
assumes  a  darker  colour,  which,  however,  disappears  on  cooling;  fuses  to 
a  yellow  mass.  When  fused  upon  charcoal  before  the  blowpipe,  it  sinks 
into  tho  charcoal,  leaving  globules  of  lead,  while  tlio  charcoal  becomes 
impregnated  with  molybdenum  and  molybdide  of  lead.  It  dissolves  in 
carbonate  of  soda,  and  with  that  subittance  sinks  into  the  charcoal,  leaving 

*  In  fig.  27,  read  a  initead  of  e. 
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globules.  Dissolves  easily  in  borax;  the  glass  formed  in  tbe  outer  flame 
is  slightly  coloured^  and  that  obtained  in  the  inner  flame  is  clear  while 
hot,  but  m  cooling  suddenly  becomes  dark  and  opaque.  Dissolves  readily 
in  microcosmic  ealt,  forming  a  glass  which  is  green  if  the  quantity  of 
mineral  dissolved  in  it  is  small,  but  black  and  opaaae  if  the  quantity  is 
larger.  (Berzelius.)  Dissolves  in  heated  nitric  acid,  with  separation  of 
yeliowish-whito  nitrate  of  molybdio  acid.  It  is  decomposed  by  sulphoric 
acid.  Strong  hydrochloric  acid  dissolves  it,  producing  a  green  solution, 
and  forming  chloride  of  load,  which  separates  more  completely  on  the 
addition  of  alcohol.     Soluble  in  caustic  potash,  but  not  in  water. 

Hatchett.      Gubel.         MeUing.       Klaproth.     Berzelius. 
Bleiberg.       Bleiberg.         Bleiberg.  Bleiberg.  «Wi/. 

FuO  112  ....  60-87     ....     58     ....     590     ....     61*90     ....     6442     ....     60-81 

MoO»    ....     72  ....  3913     ....     38     ....     405     ....     4029     ....     34*25     ....     39*19 
¥erO^  3 


PbO,MoO»  184  ....10000    ....     99     ....    99*5     ....  102*19    ....     98*67    ....  10000 

According  to  Kammcl&berg,  the  native  molybdate  of  lead-ozido  from 
Bleiberg  appears  to  contain  a  small  quantity  of  vanadiate.  The  red- 
coloured  molybdate  from  Ketzbanya  was  declared  by  Johnston  (Phil. 
J^faff.  J,  ]  2,  387)  to  be  chromate  of  lead-oxide;  and  since,  according  to 
Brooke*s  statement,  it  exhibited  the  crvstalline  form  of  the  molybdate, 
Johnston  concluded  that  chromate  of  lead-oxide  must  be  dimorphous. 
According  to  G.  Rose,  however  (Pogg,  46,  639),  the  red  ore  in  question  is 
molybdate  of  lead-oxide,  with  which  perhaps  a  small  quantity  of  chro- 
mate may  be  mixed.  If  this  be  the  case,  the  dimorphism  mentioned 
at  page  102,  vol.  I,  does  not  exist.  Bousslngault  {Ann.  Chim.  Phys, 
45,  325)  examined  an  impure  ore  from  Pamplona  containing  excess  of 
lead-oxide. 

C.  SuLPHOMOLYBDATE  OF  Lead. -*  Black  precipitate,  remaining 
black  even  when  dry,  and  producing  a  lead-grey  streak. 

D.  Persulphomoltbdate  of  Lead. — Dark-red  powder.  (Berzelius.) 

Lead  and  Vanadium. 

Vanadiate  of  Lead-oxide,  or  Le  ad-van  a  di  ate. — a.  MonovanadicUe, 
—Formed  by  precipitating  nitrate  of  lead-oxide  with  an  alkaline  mono- 
vanadiate.  Also  by  precipitating  sugar-of-lead  with  an  alkaline  bivana- 
diatc,  in  which  case  acetic  acid  is  set  free  in  the  liquid.  The  precipitate, 
which  is  yellow  at  first,  becomes  white  and  less  bulky  in  the  course  of  24 
hours.  It  fuses  easily,  forming  a  reddish-yellow  liquid,  and  on  cooling 
solidifies  in  a  yellow  mass.  It  is  decomposed  by  fusion  with  bisulphate 
of  potash;  not  quite  completely  by  oil  of  vitriol;  neither  is  it  decomposed 
by  boiling  with  carbonate  of  potash.  Dissolves  slightly  in  water  forming 
a  yellow  solution;  and  is  easily  soluble  in  slightly  warmed  nitric  acid, 
even  when  dilute.  The  solution  in  strong  nitric  acid,  when  heated  to  the 
boiling  point,  deposits  a  brown  powder  containing  oxide  of  lead  with  a 
large  excess  of  vanadic  acid.  (Berzelius.) 

b.  Bivanadiate, —  Nitrate  of  lead-oxide  forms  with  bivunadiate  of 
pota.sb,  an  orange-yellow  precipitate,  which  fuses  readily,  and,  on  cooling, 
crystallizes  in  a  red  mass.  Gives  up  half  its  acid  to  boiling  carbonate  of 
potash,  olightly  soluble  in  water,  to  which  it  imfmrts  a  yellow  colour. 
(Berzelius.) 
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lSe,—Ore  from  Bereiow.  Reeular  sir-sMed  priEins. 
limes  one  pnrt  of  such  a  priera  consieta  of  brown  Vaoadite  and  tlie  other 
of  PjToniorpliite,  a  slrncture  which  would  seem  to  indicatu  ieoniorpUism, 
were  it  not  Ibitt  vanadic  acid  and  phosphoric  acid  do  oot  agree  in 
ttoTcbiometric  composition.  Brown,  with  a.  strong  lustre.  Di>crepitBteB 
■tniD^ly,  and  fusee  on  charcoal  to  a  bead  which  yields  metallic  lead,  with 
emiaaion  of  aparka,  and  forms  a.  yellow  fihn  on  the  charcoal.  The  eoln- 
tion  of  the  mineral  in  microoosmto  salt  yields  in  the  outer  flame  :i  reddish- 


Tellow  glass,  which  becomes  yellowish -green  on  cooling, 

inner   flame  a  glass  which  exhibits  the  beautiful  green  of  chromiui 
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KsBOlvee  eatiily  in  nitric  acid,  and  nitrate  of  silver  throws  do^ 
larg«  quantity  of  chloride  of  silver  from  the  solution.  The  ore  fr 
Zimapan  behaves  in  a  similar  manner.  (G.  Rose,  Po^g.  29,  433.) — Ore 
frotn  Wanlocl-head.  Specific  gravity  6'99.,..7*23.  Colour  varying  from 
yellow  to  brown;  opaque  with  awasrloatre.  Decrepitates  when  ignited 
kod  assumes  a  red  colour  which  agam  becomes  yellow  on  cooling.  If 
kept  in  a  state  of  fusion  for  a  short  time  only,  it  solidifies  in  a  yellow 
wauas;  but  by  longer  fusion  it  is  converted  into  a  eyoagy,  steel-grey  mass, 
whicli,  when  ignited  upon  charcoal,  immediately  yields  globules  of  lead. 
Foses  readily  upon  charcoal,  exhaling  an  odour  of  arsenic,  yields  globules 
of  lead,  and  aft«r  fusion  for  some  time  in  the  inner  flame,  likewiBe  yields 
ft  steel-grey,  very  fusible  slug,  whicL  exhibits  the  reactions  of  chromium. 
AVIien  treated  with  nitric  acid,  it  first  yields  up  the  lead-oxide,  so  that 
the  fragments  become  covered  with  a  red  coating  of  vanadic  acid,  wbioh 
is  afterwards  likewise  dissolved  and  ini[Mirts  a  yellow  colour  to  the  Uouid. 
With  hydrochloric  or  sulphuric  acid  it  forms  a  green  solution,  chloriae  of 
lead  or  sulphate  of  lead-oxide  being  separated.  (Johnston,  N.  Ed,  J.  of  3c, 


S,  166;  alsoScAw.  i 


1,  119.) 
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PbCl  +  3(3PbO,VO»)? 

..     1425-2 

..  100-00 

,.      100-00 

..        10157 

Lead  and  Curouium. 

Cbromate  of    LEAit-oxiDE,   or    LKAD-ctiROMATB. — o.   Diehro 
Chrtime'Ted. — 1.  Formed  by  boiling  the  pulverized  monochroraate  \ 
dilute  pota«h-ley  (Grouvclle),  or  with  water  and  carbonate  of  lead-oj 
(Dnlong),  or  with  \  pt.  lead-oxide  and  water  (Badanis,  J)ni.i'Ati.25,aO^ 
also  Pogg.  3,  221):  or  by  boiling  it  for  some  time  with  moiiochromate  ( 
potash,  which  is  thereby  converted  into  the  bichromate.  (Berzeliue.) — 2.  T 
Doiling  lead-oxide  or  its  carbonate  with  an  aqueous  solution  of  mot 
cbromate  of  potash.  {Dulong,  St^if.  5,381.) — 3.  By  mixing  a  solution  ^ 
l«ad-oside  in  cnnstlc  sodt  with  chroniate  of  potash,  placing  th 
in  a  basin,  and  covering  it  with  a  bell-jar,  under  which  carboni 
is  slowly  evolved  by  the  action  of  sulphuric  acid  on   pieces  of  marblq 
As  tlie  soda  becomes  saturated  with  carbonic  acid,  the  salt  crystalliE' 

-yellow  needles.  (Hayes.)     By  mixing  a  ver^  diluto  solution  i 
of  lead-oxide  with  cnromate  of  potash  containing  a  considorabi 
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laminsD  of  the  salt  a,  (Wbhler  &  Liebig.) — Heated  sulphuric  acid  decom- 
poses the  salt,  with  formation  of  lead-sulphate;  heated  hydrochloric  acid 
forms  a  green  solution  of  chromic  hydrochlorate,  with  separation  of  chlo- 
ride of  lead;  and  evolution  of  chlorine  gas.  If  the  hydrochloric  acid  is 
mixed  with  alcohol,  the  formation  of  the  green  solution  is  attended  with 
the  evolution  of  hydrochloric  ether.  The  salt  is  insoluble  both  in  pure 
water  and  in  water  containing  sal-ammoniac;  but,  according  to  Conyboaro 
{N,  JEdinb,  FhiL  J.  7,  109)^  it  dissolves  sparingly  iu  water  containing 
chromate  ef  potash. 

Lead  and  Uranium. 

Uranate  of  Lead-oxide. — PbO,  2U'0'. — 1.  B^  precipitating  an 
aqueous  mixture  of  lead-nitrate  and  uranic  nitrate  with  ammouia.  (Arf- 
vedson,  Pogff.  1,  258.) — 2.  Bv  boiling  freshly  precipitated  lead-carbonate 
with  uranic  acetate  till  the  U>rmer  acquires  a  yellowish-red  colour,  and 
afterwards  boiling  with  fresh  uranic  acetate.  (Wertheim,  J,  pr,  Chan. 
29,  228.) — 3.  By  precipitating  basic  lead-acetate  with  uranic  nitrate. 
(Persoz,  Ann,  Chim.  Fhys.  5ii^  335. J — Yellowish-red  substance,  which 
when  ignited,  first  becomes  brown-red  and  then  again  yellowish-red.  If 
heated  in  a  pottery-furnace,  it  acquires  a  straw-yellow  colour,  without 
any  reduction.  (Wertheim.)  Becomes  cinnamon-coloured  by  ignition. 
When  ignited  in  a  current  of  hydrogen  gas,  it  gives  off  6*34  per  cent,  of 
oxygen  and  yields  a  dark  brown  powder  [a  mixture  of  uranous  oxide  and 
lead],  which,  if  exposed  to  the  air  after  perfect  cooling,  takes  fire  and  is 
reconverted  with  incandescence,  into  uranate  of  lead-oxide  (Arfvedson)  : 

PbO,2irO»  +  3H  =  Pb  +  4UO  +  3H0. 
After  ignition,  it  is  very  difiicultly  soluble  iu  acetic  acid.  (Wertheim.) 

Wertheim. 

PbO  112        ....         28        28-79 

2U'0»    288         ....         72        71-02 

PbO,2U«0» 400        Z       100        ~.        99*81 


Lead  and  Manganese. 

A.  Permanganate  of  potash  gives  with  nitrate  of  lead-oxide  a  brown 
precipitate,  which  dissolves  completely  in  cold  nitric  acid,  forming  a  brown 
solution.  (Forchammer.) 

B.  Manganous  oxide  fuses  with  lead-oxide,  forming  a  green  glass, 
which,  when  it  takes  up  more  oxygen  from  the  air,  assumes  a  brown-red 
colour.  (Bcrthier.) 

Lead  and  Arsenic. 

A.  Arsenide  of  Lead. — 1.  Melted  load  takes  up  one-sixth  of  its 
weight  of  arsenic,  without  visible  combustion,  thereby  becoming  brittle, 
and  acquiring  a  laminar  texture.  Lead-shot  are  made  of  lead  with  a  very 
small  Quantity  of  arsenic  — 2.  Arseuiate  of  lead-oxide  reduced  in  a 
charcoal  crucible  yields  a  semi-ductile  alloy,  which  exhibits  a  white 
fracture^  and  gives  up  all  its  arsenic  if  exposed  for  some  time  to  a  white 
heat  in  a  charcoal  crucible.  (Fournet.) 


I 

* 

J 
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B.  Arsenite  of  Lead-oxide  or  Lead-arsenite. — a.  Bibcuie. — 
1 .  Bj  precipitatiDg  basic  acetate  of  lead-oxide  with  ammonia  saturated 
with  arsenious  acid. — White  powder,  which,  when  heated,  gives  o£F  its 
combined  water,  and  fuses  to  a  yellowish,  idio-electric,  vitreous  mass.  (Ber- 
zelins,  Ann.  Chim.  Phya.  11,  233.) — 2.  When  arsenious  acid  vapour  is 
paeaed  over  ignited  lead-oxide,  it  is  rapidly  absorbed,  the  oxide  fuses  and 
becomes  red-hot,  and,  on  cooling,  solidifies  to  a  sulphur-yellow  enamel  or 
glass,  which  fuses  readily  and  is  not  decomposed,  oven  at  a  bright-red 
heat.  No  arsenic  or  lead  is  reduced  to  the  metallic  state,  unless  either 
the  oxide  of  lead  or  the  arsenious  acid  is  in  excess;  when  tlie  proper  pro- 
portions are  observed,  nothing  but  [bibasic?]  arsenite  of  lead-oxide  is  pro- 
duced. (Simon,  Pogg.  40,  336.) — Arsenite  of  lead-oxide  is  not  soluble 
either  in  aqueous  ammonia,  or  in  arsenite  of  ammonia  or  other  ammo- 
niacal  salts.  (Wittstein.) 

Berzelias. 

2PbO 224       ....       69-35         68*7 

AsC 99      ....      30-65        31-3 

2PbO,A80»   ....         323       ....     10000        IZ!       lOO'O 

(.  Monobasic, — By  precipitating  a  monobasic  lead-salt  with  aqueous 
ammonia,  which  has  been  saturated,  while  warm,  with  arsenious  acid.— 
White  powder,  which,  when  triturated  in  a  mortar,  becomes  more 
strongly  electrical  than  sulphur.  When  heated,  it  fuses  to  a  yellowish, 
strongly  idio-electric  glass,  and  a  small  portion  of  the  arsenious  acid  and 
combmed  water  are  given  off.     Slightly  soluble  in  water.  (Berzelius.) 

Berzelias. 


/- 


earlier.  later. 

PbO    112     ....     5308       54-333  ....  52-644 

AsO"  99     ....     46-92       45-667  ....  47356 

PbO,As05 211     ....  100-00      100000  ....  100-000 


C.  Arseniate  of  Lead-oxide  or  Lead-arseniate. — a.  Terhasic,'^ 
].  Bv  precipitating  neutral  lead-ncetate  with  diarseniate  of  soda^  in 
which  case  free  acetic  acid  remains  in  the  liquid,  or  by  precipitating  any 
lead-salt  with  diarseniate  of  8oda  in  excess,  whereby  monoarseniate  of 
soda  is  produced.  (Mitscherlich.) — When  neutral  Icad-ncetato  is  precipi- 
tated by  trisarseniate  of  soda,  the  precipitate  contains  more  than  3  atoms 
of  base  if  the  lead-salt  is  in  exces.s;  but  if  a  solution  of  1  part  of  lead-acetate 
be  added  to  a  solution  of  1  part  of  trisarseniate  of  soda  (in  which  caso 
the  latter  will  predominate),  the  precipitate  will  consist  of  terbasic  salt. 
(Graham,  Pogg.  32,  51.) — 2.  By  digesting  6  with  ammonia.  (Berzelius.) 
White,  fusible  powder.  (Berzelius.)  When  raised  to  a  low  red  heat,  at 
which  it  neither  fuses  nor  bakes  together,  it  acquires  a  transient  yellow 
colour.  (Graham.)  Insoluble  in  water;  likewise  insoluble  in  aqueous 
ammonia  and  its  salts.  (Wittstein.) 

Berzelius  (2).  Graham  (i). 

3FbO 336       ....       74-5         7475         7433 

AaO*  115       ....       25-5         25'25         25-67 

3PbO,A80» 451       ....     100-0         ZZ       10000        ZZ       10000 

h.  Bibasic.^—FoTn^cd  slowly  by  the  action  of  air  and  aqueous  arsenic 
acid  upon  lead;  precipitated  on  mixing  aqueous  hydrochlorate  or  nitrate 
of  lead-oxide  with  arsenic  acid, — or  on  gradually  dropping  diarseniate  of 
ammonia,  potash,  or  soda,  into  an  excess  of  monomtralo  ot  \^^^-oxA<(^. 
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(Beneliae^  Mit^cberlicb.)  Fases  more  easily  tlian  a,  forming  an  opaque 
mass;  crystallizes  on  cooling,  according  to  Mitscherlich,  bat  according  to 
}{.  Rose  it  does  not.  On  charcoal  in  tbc  inner  flame^  it  exhales  an  odour 
of  arsenic,  and  yields  globules  of  lead.  (H.  Rose.)  Dissolves  in  hydro- 
chloric  or  nitric  acid,  but  not  in  water  or  acetic  acid. 


Bcmliui. 

Th^nird. 

CheneTix. 

2PbO 

224 

....     6608 

....       65-86 

....       64-3 

....       63 

A»0*  

115 

....    33-92 

...      34U 

....      35-7 

....           vfO 

HO     

•  • « ■ 

•  ■•• 

•  ••• 

4 

2PbO,A«0» 

339 

...   10000 

....     100-00 

....     1000 

....     100 

D.  ScLPHARSEXiTE  OP  Lead. — 2PbS,  AsS*. — Red-brown  precipitate, 
black  after  drviug,  and  yielding  a  brown  powder;  fuses  readily  without 
giving  otl'  sulphide  of  arsenic,  and  solidifies  to  a  metal-grey  mass,  having  a 
shining,  crystalline  fracture,  and  yielding  a  ffrey  powder.  (Bcrzelius,  Pogg. 
7,  147.) — 10  parts  of  galena  heatetl  to  whiteness  in  a  charcoal  crucible 
with  5  jiarts  of  orpiniont,  volatilize,  leaving  only  1  part  of  ductile  lead; 
hence  orpiment  favours  the  volatilization  of  suIpLide  of  lead.  (Foumet.) 

E.  SuLPnARSEMATE  OF  Lead. — Lead-salts  give  dark  brown  precipi- 
tates with  the  aqueous  solution  of  bibasic  sulpharseniate  of  sodium,  and 
red  with  the  terlxisic  salt.  Both  precipitates  turn  black  when  dry.  (Ber- 
zelius.) 

F.  Arsexiate  op  Lead-oxide  with  Chloride  of  Lead. — In  many 
kinds  of  Py^'omorphite  (p.  140),  especially  in  the  yellow  variety,  the 
phosphoric  acid  is  jmrtly  replaced  by  arsenic  acid.  Specific  gravity 
7*208.  (Mohs.)  The  ore  which  contains  arsenic  acid  is  distinguished 
from  that  which  contains  phosphoric  acid  only,  by  the  arsenical  odour 
which  it  ev(»lves  wlien  heated  on  charcoal  before  the  blowpipe,  and  by 
being  rapidly  reduced  to  metallic  lead  alloyed  with  arsenic. 

G.  Arsextde  of  Lead  axd  Potassium. — Formed  by  igniting  in  a 
well  closed  crucible,  2  parts  of  lead,  1  of  arsenious  acid,  and  2  of  tartar. 
The  mass  when  immersed  in  water  by  itself  remain*:  almost  unaltered, — 
but  if  in  contact  with  mercury,  which  removes  the  coating  of  lead,  it 
vields,  in  the  course  of  a  few  weeks,  a  large  quantity  of  arseniuretted 
hydrogen  gas.  (SeruUus,  J,  Phys.  93,  137.) 


Lead  axd  Axtimoxv. 

A.  Axttmoxide  op  Lead. — a,  Pb"Sb. — Found  on  the  hearth  of 
a  sm  el  ting-furnace  at  the  Mulder  works.  Broad,  thin,  six-sided  prisms, 
with  two  of  the  lateral  fares  very  much  enlarged,  and  the  anirles  of  the 
lateral  edge.?,  about  144%  })7^  and  133^  Specific  gravity  JV21.  Mal- 
leable; of  the  hardness  of  calcspar;  bteel-grey.  Fuses  less  easily  than 
pure  lead,  and  cctvers  the  charcoal,  first  with  a  white  film  of  lea<l-o\ide, 
then  with  a  similar  film  of  ziuc-oxide,  and  lastly  with  a  yellow  film  of 
lead-oxide,  (Karsten,  Pogg,  55,  118.) 
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Kanten. 

18Pb 1872      ....       93-55        9010 

Sb 129       ....         6-45         6-48 

Zn    ....                        1-42 

Ca. ....                        1-50 

Ag    ....                        0-24 

N],As,S  ....                         trace 

Pb»  Sb 2001       ....     10000        ~.        9974 

h.  Pb*Sb. — An  alloy  of  416  parts  lead,  and  129  antimony  is  laminar, 
brittle,  bluisb>white,  shining,  and  does  not  evolve  antimony  when  heated 
^whiteness in  a  charcoal  crucible.  (Foumet.) — c.  Pb^Sb. — 208  pts.  lead 
with  129  antimony  give  oflf  but  a  small  quantity  of  antimony  when  heated 
to  whiteness  in  a  charcoal  crucible. — With  2  At.  antimony  a  larger 
foantity  is  evolved,  and  with  6  atoms,  a  very  large  quantity.   (Fouruet.) 

Tppe-mHal  contains  83  pts.  lead  and  17  antimony.  (Heeren.)  An 
alloy  of  3  pts.  lead  and  1  pt.  antimony  is  ductile  but  hard;  that  which 
contains  equal  portions  of  the  two  metals  is  brittle  and  laminar. 

B.  Antimoniatb  of  Lead-oxtde. — Prepared  with  nitrate  of  lead- 
oxide  and  antimoniate  of  potash.  Formed  likewise  by  treating  antimonide 
of  lead  with  hot  nitric  acid. — White  curdy  precipitate;  turns  yellow  and 
gives  off  water  when  heated;  infusible.  When  ignited  on  charcoal  before 
the  blowpipe,  it  is  reduced,  with  slight  detonation,  to  antimonide  of 
lead.  Not  completely  decomposed  by  nitric  acid.  Insoluble  in  water. 
(Berzelios.) 

Naples  Yellow  is  antimoniate  of  lead-oxide.     It  is  formed  by  mixing 
intimately  1  part  of  tartar-emetic,  perfectly  freed  from  iron  by  re-crystal- 
lization, with  2  parts  of  crystallized  lead-nitrato  and  4  parts  of  common 
salt— igniting  the  mixture  in  a  hessian  crucible  for  two  hours,  at  a  heat 
sufficient  to  fuse  it — separating  the  cooled  mass  from  the  crucible  by 
slight  blows — and  extracting  the  chloride  of  sodium  with  water.     By 
this  treatment,  the  Naples  Yellow  is  disintograted  and  reduced  to  a  fine 
pc»wder;  if  too  strong  a  heat  has  been  aj>plicd,  it  forms  a  hard  mass  which 
will  not  disintegrate. — A  cheaper  but  lo^ss  beautiful  product  is  obtained 
by  mixing  2  parts  of  a  pulverized  alloy  of  equal  })art8  of  lead  and  antimony 
(or  pulverized  printing  tyi)e8)  with  3  parts  of  nitre  and  0  of  commou 
salt,    then    heating   to  redness  and   exhau.sting   with  wator   as   above. 
(Brunner,  l^og*j.  44,  137;  also  J.  pr.  Chem.  10,  19().)— Older  recipes: 
12  pts.  white  lead,  3  antinionium  diaphareticum,  1  sal-ammoniac,  1  alum 
or  pearl-a!?h;  or:  10*  grey  sulphide  of  antimony,  24  lca<l,  1  common  salt, 
1  sal-ammoniac,  &c.     The  mixture  is  to  be  iguited  in  the  air  gently  at 
first,  but  afterwards  more  strongly  for  several  hour.<i,  and  then  washed. — 
Orange-yellow,  very  pennanent  oil-colour. 

C.  ScLPUANTTMoNiTE  OP  Lkad.- -Lcadgrov  with  metallic  lu.stre, 
easily  fusible;  when  ignite<l  upon  charcoal,  it  evolves  .siulphurous  acid 
and  forms  a  white  and  aftcrwanls  a  yellow  deposit.  According  to 
Fournet,  it  leaves  antimonide  of  lead  when  igniteil  in  the  charcoal 
crucible.  Hot  nitric  acid  converts  it  into  a  white  powder  of  antimoniate 
of  lead-oxide.  Dissolves  in  strong  boiling  hydrochloric  aci<l  with 
evolution  of  sulphnretteil  hydrogen. — a.  ^^iexbasic, — Kilkbriclenite,-^ 
8p.  gr.  6*407.  (Apjohn,  Juhresber,  22,  1D3.) 
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6Pb. 
Sb  . 
9S  . 
Fe  . 


KilkMekeniie. 
624  ....  69-57 
129  ....  14-38 
144     ....     1605 


Apjohn. 

68-87 

14-39 

16-36 

0-38 


Or: 

fiPbS  ... 
SbS»   ... 


720 
177 


80-27 
19-73 


6PbS,SbS»....     897 


10000 


100-00 


897 


100-00 


h.  Quintohasic, — Geocronite, — From  Sala:  Specific  gravity  5*88;  mas- 
sive; light  lead-grey  (Svanberg,  Pogg,  51,  535.)  From  Mevida:  Sp.gr. 
6*43.  (Sauvage,  Ja/iresber,  21,  185.) 


Geoeronite.               Sanvag^e. 

STmnber^, 

5Pb 

520 

....     66-92     ....     64-89 

55Pb    5720     ....     6911 

....     66-45 

8b  

129 

....     16-60     ....     1600 

6Sb         774     ....       9-35 

....       9-58 

8S  

128 

....     16-48     ....     16-90 

5A8         375     ....       4-53 

....       4-70 

tu 

1-60 

88S       1408     ....     1701 

....     16-26 

Zn,  0-11;— Fe,  042;- 

-Cu,  1-52;— Bi,  Ag,  trace 

2-05 

5PbS,SbS» 

777 

....  100-00     ....     99-39 

8277     ....  100-00 

....     99-04 

In  the  Geoeronite   from  Sala,  part   of  the  antimony  is   rephiced   by 
arsenic. 

c.    Terbasic,  —  Bonlangerite.  —  Crystal lo-laminar    or     fine-grained. 
Sp.  gr.  from  5*69  to  5-97.     Dark  lead-grey. 


3Pb 
8b.. 
68... 
Fe.. 
Ca 


Boulangeriie, 

312     ....     58-10 

129     ....     2402 

96     ....     17-88 


Boulangcr.  Thanlow. 

Moliere*.  Lapland. 

53-8  ....  55-57 

25-5  ....  24-60 

18-6  ....  18-86 

1-2  .... 
0-9 


Bromeis.     Abendroth. 
Kerttcliuitk.       Oberlahn. 
.     56-29     ....     55-60 
,     25-04     ....     25-40 
.     18-22     ....     19-05 


i 


3PbS,SbS*       537     ....  100-00 


100-0 


99-03 


99-551    ....  10005 


d.  Bihasic, — Feaitier-ore, — Soft  needles  of  a  lead-gre^  and  smoke- 
grey  colour. 

Feather-ore.             II.  Rom.  Or : 

2Pb  208     ....     49-88  ....     4687  2PbS l240     ....     57-35 

Sb 129     ....     30-93  ....     3104  SbS» 1177     ...     42-45 

5S 80     ....     19-19  ....     19-72 

Fe,  1-30;  Zn,  008  ....  ....       138 


2PbS,SbS»  417 


100-00 


9901 


e.  Sesquihasic, — Janirsonite, — Rhombic  prisms:   u 
Sp.  gr.  5' 50. 


417     ....  100-00 
'    •  ^  u  =  101*"  30'; 


3Pb. 
2Sb. 
98  . 
Bi  . 
Cu  . 
Fe  . 


Jametoniie 

312  ....  43-70 
2.')8  ....  36-l.< 
144       ....       20-17 


H.  Rose. 

Cornwall.  j 
40-75 

34-40  ♦ 

22-15  1. 

0-13  ( 

2-30  /* 


S.-h&figotsch. 
T.«tTcran(lttrm. 

39-97 

32-62 

2\-79 

voe 

0-42 
3-63 


3PbS,2SbS»  ....       714 


100-00 


99-73 


99-49 


/.  Four-tJiirds-hasic. — Plagionite. — Crystals  belon 
prismatic  system,  u' :  tt=  120'" 49'.    Cleavage  paraiy    ^j 
Colour  dark  lead-grey.     Decrepitates  ^hcn  heated. 
49Sj  G.  Rose,  Fogg.  2%,  421.) 


loe  to  the  oUiqm 
toil.   8p.gr.  5-^ 
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G.  Rote.        Kuderaatsch. 
PlagioniU  Wolfsberger  mine. 

4Pb     416       ....       41-15        40-52       ....       4098 

3Sb     387      ....      38-28        37*94      ....      3753 

138     208       ....       20-57         21-53       ....       21-49 

4Pb8.SbS* ToTi       ....     100-00        ZZ         99-99       ....     10000 

Jionobasic, — Zinkeniie. — Six-sided  prisms^  probablj,  as  in  Arragonite^ 
made  dd  of  rbombic  prisms.  Sp.  gr.  5  31.  Fracture  uneven.  Softer 
than  calcspar.  Decrepitates  strongly  before  the  blowpipe.  (G.  Rose^ 
Poffg,  7,  91.)  When  ignited  in  hydrogen  gas,  it  gives  off  all  its  sulphur, 
and  leaves  a  residue  of  antimony.  (Wbhler.) 


H.  Rose. 

Wolfsberger  mine. 

Or: 

Pb 

104 

....     35-02 

■  ■  •• 

31-84 

PbS 

..     120 

....     40-4 

Sb 

129 

....     43-43 

•  ••• 

44-39 

SbS>    

77 

....    59-6 

48 

64 

....     21-55 

•  •»• 

22-58 

Ca 

•  ••• 

■  ••• 

0-42 

PbS,8uS'  .... 

297 

....  100-00 

•  •  ■  • 

99-23 

297 

....  100-0 

D.  SuLPHANTiMONiATE  OF  Lkad. — When  a  solution  of  lead-acetate 
18  grailually  added,  with  constant  agitation,  to  an  excess  of  solution  of 
terbasic  sulphantimoniate  of  sodium,  a  dark  brown  precipitate  is  pro- 
dnced,  which,  when  ignited  out  of  contact  of  air,  gives  off  sulphur, 
to«j^ether  with  a  trace  of  sulphurous  acid,  and  leaves  from  94  to  95  per 
cent,  of  residue  having  the  composition  of  Boulan^erite  (3PbS,SbS'). 
Boiling  potash-ley  extracts  the  sulphide  of  antimony  from  the  precipitate 
and  leaves  the  sulphide  of  lead;  the  sulphide  of  antimony  may  be  pre- 
cipitated from  the  filtrate  by  acids  without  evolution  of  sulphuretted 
hydrogen. — If,  on  the  contrary,  the  solution  of  the  Schlippe*s  salt  be 
abided  by  degrees  to  an  excess  of  lead-acetate,  and  the  mixture  boiled  for 
some  time,  the  precipitate  will  contain  a  mixture  of  8PbS  and  SbO* 
(compare  I V,  358).  This  mixture,  when  ignited  in  close  vessels,  yields 
a  large  quantity  of  sulphuric  acid,  a  sublimate  of  antimonic  oxide,  and  a 
half-fiued,  lead-grey  residue.  (Ilammelsberg,  Po(/(/,  52,  223.) 


3Pb   ... 

Sb 

8S 


Rammelsberg. 

312 

54-83 

55-64     to     57-46 

129 

22-67 

128 

22-50 

20-28     to     21-55 

3PbS,SbS^ 569      ....     10000 


Lead  and  Telluuium. 

A.  Telluride  op  Lead. — These  two  metals  fuse  together  with 
facility.  Native  telluride  of  lead  is  massive;  may  be  cleft  parallel  to  the 
faces  of  a  cube;  has  a  density  of  &'159,  and  the  hardness  of  calcspar;  it 
may  be  rubbed  to  fine  powder,  and  has  a  yellowish  tin-white  colour. 
On  charcoal  it  imparts  a  blue  colour  to  the  blowpipe-flame;  in  the  inner 
flame  it  fuses  to  a  bead  which  gradually  diminishes  in  size  till  nothing 
remains  but  a  small  globule  of  silver.  This  globule  is  surrounded  with 
an  inner  ring  of  telluride  of  lead  which  has  been  volatilized  and  re- 
flolidified,  and  an  outer  ring  of  a  brownish-yellow  colour,  which,  when  the 
blowpipe  flame  is  directed  upon  it^  turns  blue  and  tkcii  dmi^'^oobt^. 

YOL.  y.  ^ 
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(Mudanliroek.)  Light  lead-my;  close-grained;  does  not  expand  in 
cooling.  (Marx.) — d,  1  part  of  lead  to  2  bismuth:  Fracture  crystalline 
ttd  ooane-grained;  does  not  expand  perceptibly  in  solidifying.  (Marx.) 
'^'  I  part  lead  to  3  bismuth:  Fracture  laminar;  expands  slightly  in 
Bolidij^ng.  (Marx.)—/.  1  part  lead  to  8  bismuth:  Coarsely  laminar;  of 
tbe  coloar  of  antimony;  expands  in  solidifying.  (Marx,  Sc/iw,  58,  463.) 
— T  According  to  Thomson,  the  alloy  PbBi  has  a  specific  gravity  of 
10-831,  and  melts  at  134  3°;  and  PbBi^  has  a  sp.  gr.  of  10*509,  and  melts 
»t  128-2^  (Liebig  and  Kopp's  Jahresber,  1849,  1040.)— BiTb'  fuses 
at  122-4^  (Person.)  IT 

B.  SuLPHOBiSMrTHATE  OP  Lead. — 3PbS,BiS'. — KobellUe. — Specific 
gnvity  6-29.. .6"32.  Fracture  radiating.  Colour  dark  lead-grey  with 
netaluc  lustre,  like  crude  sulphide  of  antimony;  not  very  hard;  yields  a 
black  powder.  When  ignited  in  an  open  tube,  it  yields  sulphurous  acid 
ind  antimonic  oxide;  fuses  with  strong  intumescence  at  first,  but  after- 
wards Quietly,  and  becomes  surrounded  with  a  yellow  glass.  Forms  a 
vhite  deposit  on  the  charcoal  in  a  weak  blowpipe  flame,  and  a  yellow 
deposit  in  a  stronger  flame.  In  the  inner  flame  it  fumes  strongly  and 
yields  a  white  metallic  bead.  With  carbonate  of  soda  it  melts  together 
and  Buks  into  the  charcoalj  leaving  a  semi-malleablo  metallic  globule. 
(Settorberg,  Fogg.  55,  635.) 


Scttexlierg. 

From  Ncxike. 

3PbS  

3G0 

57-97 

46-36 

BiS^    

261 

4203 

33-18 

FeS 

4-72 

Cu^S  

108 

6bS»  

12-70 

Matrix    

1-45 

3PbS,BiS3 

621 

100-00 

99-49 

tthia  mineral,  FeS  probably  replaces  part  of  the  PbS,  and  SbS'  part  of 
weBiS*. 

Lead  and  Zinc. 

Alloy  of  Lead  and  Zinc. — Lead  readily  unites  with  zinc,  thereby 
'Homing  harder;  but  its  ductility  is  not  impaired  by  any  proportion  of 
^c.  (J.  F.  Gmeliu.)  When  it  is  heated  to  whiteness  in  a  charcoal 
^ciblo  with  ^....^  kiuc,  the  lead  gives  up  the  whole  of  the  zinc 
(Ponmet.) 

Lead  and  Tin. 

A.  Alloys  op  Lead  and  Tin. — Lead  and  tin  unite  in  all  proportions. 

IFfac  alloy  is  hanier,  more  tenacious  and  more  fusible  than  either  tin  or 

lead  alone.     From  an  alloy  containing  not  more  than  3  parts  of  lead  to 

1  part  of  tin,  vinegar  dissolves  out  nothing  but  the  tin.  (Proust,  Gummi, 

P&ff,  Ann,  Chxm.  57,  13;  Schw.  6,  225;  11,  14.) 

The  specific  gravity  of  the  alloy  is  below  the  mean  determmed  by 
calculation;  2  volumes  of  tin  combine  with  1  volume  of  lead,  almost 
without  change  of  volume  (denoted  in  the  table  by  2  :1M.);  but  the 
fiuther  the  proportions  deviate   cither  way  from  this  Btandard^   the 

n2 


180 


LEAD. 


greater  is  the  difference  between  the  calculated  and  the  actual  density,  as 
shown  by  the  following  table.  In  this  table  the  melting  points  (M.P.)  of 
the  alloys  are  also  given. — The  specific  gravities  and  melting  points  of 
some  01  the  alloys,  as  determined  by  Thomson,  are  likewise  added. 


Kupffer. 


Specific  gravity, 
observed,     calculated,     diflf. 


Sn«Pb 

Sn^Pb 

Sn^Pb 

Sa^Pb 

2:  IM 

SnSPb 

SnPb 

SnPbS 

SnPb> 

SnPb* 


7-9210 

80279 

81730 

8-3914 

8-6371 

8-7454 

9-4263 

10-0782 

10-3868 

11-5551 


7-9326 

8-0372 

8-182G 

8-3983 

8-6;i75 

8-7518 

9-4366 

10-0936 

10-4122 

10-6002 


116 

93 

96 

69 

4 

64 

103 

ir)4 

254 

431 


M.P. 


194 
189 
186 
194 
196 
241 

239 


Thomson. 


Specific  gravity, 
obs.  cal. 


M.P. 


diff. 


7-850  ....  8-545  ....  695  ....  190-0** 

8*549  ....  9002  ....  453  ....  182-8 

8-688  ....  9-209  ....  521  ....  182-8 

9-288  ....  9-899  ....  611  ....  182*2 


Regnanlt   (Ann,  Ckim.  Phifs,  76,  136)   found   the  specific  gravity   of 
Sn»Pb=:8-777,  and  that  of  SnPb=9-387  at  13-3°. 

The  alloy  Sn'Pb  has  one  solidifying  point,  viz.  at  187°  (182*8  accord- 
ing to  Person);  the  other  alloys  likewise  exhibit  a  higher  solidifying 
point,  which  for  Sn"Pb,  is  at  2*10^;— for  Sn«Pb,  at  200";— for  Sn*Pb,  at 
190;— for  Sn^Pb,  at  200';— fi>r  SnPb,  at  240'';— for  SnPb»,  at  270;— and 
for  SnPb',  at  280.  (Rudberg.) 

32  parts  of  tin  to  1  lead  :  {Vierstempliges  Zinn). — 5  parts  of  tin  to 
1  lead  {Dreutemplxges  Zinn).  The  ordinary  proportion  fixed  by  law 
for  tin- vessels. — 4  parts  tin  to  1  lead;  Five-pound  Tin  {F'iinfpfundiget 
Zinn). — 3  parts  tin  to  1  lead;  Four-pound  Tin  (Vierpfundiges  Zinn). 
— 2  parts  tin  to  1  lead  :  Fine  solder;  Three-pound  Tin  (Zweistempliges 
or  dreipfiindicfes  Zinn), — 1  part  tin  to  1  lead:  Common  solder;  Tuhh 
pound  Ti7i  (Zweip/ilndiges  Zinn). — 1  part  tin  to  2  lead:  Coarse  solder. 

B  Stannate  op  Lkad-oxide. — An  alloy  of  lead  and  tin  fused  in 
contact  with  the  air  oxidizes  much  more  quickly  than  cither  metal  alone^ 
the  change  being  accelerated  by  the  affinity  which  tlie  two  oxides  have 
for  one  another.  The  alloy  of  1  part  tin  with  4  or  .5  of  lead  burns  at  a 
red  heat  like  charcoal,  the  combustion  afterwards  going  on  spontaneously 
like  that  of  inferior  peat,  with  formation  of  cauliflower-like  excrescences. 
(Berzclius.)  The  presence  of  platinum  in  the  alloy  retards  the  combus- 
tion; gold,  on  the  contrary,  does  not  interfere  with  it,  being  apparently 
converted  at  the  same  time  into  purple  oxide.  (Fox,  J.  Roy,  Inst.  1,  626.) 
— Aqueous  stannate  of  potash  mixed  with  a  lead-ealt  gives  but  a  slight 
precipitate  of  stannate  of  lead-oxide:  it  appears  to  bo  sumewhat  soluble. 
(Moberg.)  —  The  lead-ash  containing  t:n,  or  tin-ash  containing  lead, 
obtained  by  oxidating  an  alloy  of  the  two  metals,  forms  a  white  opaque 
Enamel  when  fused  either  alone  or  with  silica  and  alkali :  DialplaUs  and 
other  White  Enamels, 

C.  Antimonide  of  Lead  and  Tin. — Antimonide  of  tin  is  rendered 
brittle  by  admixture  of  lead.  (Cbaudet.) 

D.  AuoTB  OF  Bismuth,  Lead,  and  Tin. — 2  parts  of  bismuth,  1  lead 
Ud  1  iiD|  fonn  Rose's  FuiibU  metal;  8  parts  bismuth,  5  lead  and  3  tin; 
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Newton's  and  d'Arcet's ;  5  parts  bismuth,  2  lead  and  3  tin :  Lichtenberg's. 
All  these  alloys  melt  below  the  boiling  point  of  water.  An  alloy  of 
426  parts  (2  At.)  bismuth,  177  (3  At.)  tin,  and  312  (3  At.)  lead,  fuses, 
according  to  DSbereiner,  at  99^. — Rose's  fusible  metal  melts  at  93  75". 
(G.  A.  Erman,  Pogg,  20,  283.) — In  whatever  proportion  the  three  metals 
are  mixed,  they  exhibit  one  fixed  solidifying  point,  at  98^  and  two  higher 
ones  which  are  variable.  (Rudberg.)  —  Rose's  fusible  alloy  does  not 
expand  in  solidifying;  hence  a  glass  tube  into  which  the  melted  alloy 
18  drawn  up,  cracks  lengthwise,  when  nearly  cold.  (Marx,  Schw,  58, 
468.) 

Sn*Pb«Bi  has  a  density  of  9194  at  W,  and  fuses  at  120*»;  Su'PbBi 
has  a  density  of  9'253  at  20°,  and  fuses  at  95^.  (Regnault,  N,  Ann.  Chim. 
Fhy9.  1,  137.)  Sn*Pb^Bi»  fuses  at  96=*;  Sn^PbBi  at  145^  (Person, 
Jahresbfr,  L.  <fc  K.  1850,  72.) 

120  pounds  of  an  alloy  of  3  pts.  tin,  2  lead,  and  5  bismuth,  yielded, 
on  cooling,  tolerably  definite  crystals  which  fused  below  100-^,  and  con- 
tained, Sn  15*76, — ^Pb  26*56, — Bi  57*68,  or  equal  numbers  of  atoms  of 
the  three  metals.  (Lobell,  J.  pr,  Ckem.  26,  511.) 

Potassium  a<lded  to  fusible  metal  raises  its  melting  point.  (H.  Davy.) 

E.  Alloys  of  Lead,  Tin  and  Zinc.  —  The  alloy  ZuSn'Pb'  = 
ZnSn',2J'bSn'  exhibits  but  one  solidifying  point,  viz.  at  168'';  all  other 
alloys  of  these  three  metals  have  likewise  two  higher  solidifying  points, 
b  andc.  (A.  &  L.  Svanberg,  Fogg,  26,  280.) 


Atoms.  Atoms. 


5n 

Sn 

Pb 

a. 

b. 

c. 

Zn 

Sq 

Pb 

3 

11 

2  .... 

168 

182 

1 

12 

3 

1 

6 

1  .... 

168 

171 

204 

1 

18 

4 

1 

9 

1  .... 

168 

178 

183 

1 

21 

6 

1 

9 

2  .... 

168 

••1 

■•«•■      X 

33 

10 

1 

12 

2  .... 

168 

178 

a,  b,       c. 

168  172 

168  172  178 

16*8  175 

168  178 


Other  Compounds  of  Lead. 

With  Iron,  Nickel,  Copper,  Mercury,  Silver,  Gold,  Platinum,  Palla- 
dium, Rhodium  and  Iridium. 
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IRON. 


Bergman.     Dc  analvsi  Fcrri.     Opu^,3,l. 

Thenard.     Oxides  of  Iron.     Ann.  Chim.  56,  59;  also  N.  GM.  3,  643. 

Buchoh.     Oxides  of  Iron.     N,  GM,  3,  690. 

Gaj-Lussac.     Oxides  of  Iron.     ^4  7i n.  CAtm.  80,  163;   also  (ri7&.  42,  265. 

Further:  Ann.  Chim.  Phys,  1,  33. 
Berzelins.     Comi^nnds  of  Iron   with  Sulphur  and  Oxygen.     Gilh.  37, 

296;  42,  277.     Further:  Ann,  Chim,  Phyn.  5,  149;   also  N,  Tr.  2, 

2,  359. — Pogg,  7,  393. — Atomic  weight  of  Iron.     Ann,  Pharm,  50, 

432. 
Rinmann.     History  of  Iron  and  Us  application  in  the  arts  and  manttfac- 

tures;  tran.«latei  into  German  by  Georgi.     Bfrl,  1785. 
Karsten.     Uandbuch  der  Eisenhiittenlimde,     Halle,  1816. — System  der 

Metallurgie.  1831—32.  B.  4. 


Stkontmes.     Eisen,  Fer,  Ferrum,  Man. 

History.  Knives  and  arms  of  iron  are  mentioned  in  the  books  of 
Moses.  The  ancient  Greeks,  on  account  of  the  difficulty  of  manufactur- 
ing iron,  generally  used  arms  made  of  an  alloy  of  copper  and  tin. — The 
chemical  relations  of  iron  have  been  investigite«l  chiefly  by  Bergman, 
Proust,  Bucholz,  Gay-Lussac  and  Berzelius.  Ferric  acid  was  discovered 
by  Fremy. 

Sources,  The  most  widely  diflused  of  all  the  heavy  metals.  It 
occurs  native,  thouirh  rarelv.  sometimes  in  meteoric  masses,  sometimes  in 
fine  granules  in  Mica-slate  {Kastn,  Arch,  11,  364),  sometimes  in  Cerite 
(Ann,  Pharm.  II,  245);  as  protoxide;  a^j  sesipiioxide ;  as  hydratcd 
Besquioxide;  as  carbonate,  phosphate,  suljthate,  hyJrochlorate.  silicate, 
titanate,  tantalate.  niobiate.  i)elopiate.  tungstate,  ars^cniate,  and  oxalate  of 
the  protoxide  or  sesquioxitie;  lui  protoxide  combined  with  alumina  or 
sesquioxiile  of  chromium ;  as  eight -sevenths  sulpliideof  iron;  as  bisulphide; 
as  sulphide  of  iron  combined  with  other  metallic  sulphides,  in  Copper 
pyrites,  Peacock  copper.  Grey  copper,  Arsenical  pyrites,  and  Sternbergite; 
and  finally,  in  small  quantity,  often  as  a  colouring  principle  of  various  tint^ 
in  a  great  number  of  mineral  substances;  and  in  most  organic  bodies. 

Preparation  on  the  large  scale. — Princij^ally  from  ores  containing  the 

protoxide  or  sesquioxide.     The  ores  are  commonly  roasted  in  the  first  in- 

^tence  to ireo  them  from  sulphur,  arsenic,  \c.,  then  coarsely  pouuded,  mixed 

wiib  charcoal  or  cokej  and  a  ftux  to  feuciUtate  the  fusion  of  the  earthy 
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iiMtt«n  oontdned  in  the  ore,  M.d  exposed  to  tbe  most  intense  white  lieat  la 
tell  flDwUiDg  fiiniBcei  {tfohnsnii^rii}  ur^ed  by  »  strong  blast.  If  tbe  o 
ciDtaint  ulumiua  and  silica,  lim?  ii^  used  na  a  flux;  a  <:'oJ<iiri.'onB  ore,  i 
tlie  ooDtrary,  Kquirej  tlie  addition  of  miiiontla  con  tain  ing  aillcii  Bud 
Aliuaina:  tlic  beni  uKxle  of  procoeding  is  to  tiiix  calcAreous  with  silioeouf 
iroa-orve,  eo  tliut  t^Hcl]  losy  act  a«  a  dus  to  the  ottier. — Tbo  iron  reduved 
from  tlie  radting  mass — /'iff-iroii,  CatU-iron — wiiitli  is  freed  from  time  Ut 
iioM  ffom  tbe  stag  wbich  floats  ou  its  surface,  aud  run  olf  at  the  bottom,  ' 
<p*d  out  tieveml  times  in  a  <lay — is  cootiuiiinated  witb  varioui 
1  wbich  will  be  montioiied  under  tbe  bead  of  C'atl-iron :  from  ihew 
ii  M  freed  ou  the  Urge  »c«le  hy  a  partial  oxidation,  called  tbe  Rtjining 
~  tm  {dot  iii*ei\fri»she»  mier  Friiehprveeai),  whereby  ohiefly  tbe  fotfi^ 
tsnaee  aiv  oxidized,  and  separated  partly  aa  ga*,  partly  in  the  fonn 
slag,  called  Ciniier  ^FrigciiaMarslf),  wbilst  a,  purer  and  mulleabU 
remains,  called  Rrjiiitd  iron,  Har  ir»ii,  or  Wrvugkl  iron  {Fi-iacheitfn, 
Stab»»en,  ^c^miedeitm),  Tbe  carbon  whiob  is  oxidized,  partly  by  the 
•ir,  and  partly  by  tbe  cinder  produced  in  tlie  process,  escapes  io  thu  form 
••f  carbonic  oxide;  tbe  cinder  consists  of  silicate  of  lime,  magnesia,  alu- 
nina,  manganous  oxide,  ferrous  oxide,  &c.  In  proportion  a*  tbe  iroa 
Jwoumes  purer,  it  loses  its  liquid  form  and  becomes  granular:  as  tbe  puriS- 
Mtion  advances,  it  welds  together,  and  is  then  perfectly  piiriiiedand  formed 
into  bars  eitlior  under  the  hammer  or  between  rollers.  This  oxidation 
tUcea  place  either  by  fusion  wiih  charcoal  wbilo  a  bliiat  of  uir  is  blown 
ipon  tbemai^;  Honing  upon  ktarU.t  \FiiKhharktit  avf  JlrtriLn),  or 
>T  contact  with  the  flame  of  cual  in  rcverberatury  furnace--*:  I'udJling. 
Bar-iron  ttiU  retains  about  4  P^''  cout-  of  carlK>n,  which  inalfes  it 
■ler;  generally  also  it  contains  a  small  quantity  of  sillcium;  somctimM 
•hoephonis,  wbich  make*  it  brittle  wben  cold; — or  siilpbur,  arsenie, 
— ~ —  which  mbke  it  brittle  at  a  red  beat, — and  other  metals. 

•ideation. — 1.  By  melting  iron  filings  with  onc-fourtb  their  weight 
•f  SBiihy  scales  under  a  layer  of  green  glass, — or  of  glass  prepared  for 
tbe  nnrpose  and  free  from  heavy  metals — the  whole  being  enclosed  in  a 
crucible  with  tbe  cover  luted  down,  and  the  fire  nrged  by  a  strong  blast. 
(Broling.)  By  redncing  a  pure  oxida  of  iron  with  hydrogen  gu. 
(Berzelios.) 

J'r^pttlift.  Iron  sometimes  exhibits  cleavage  parallel  to  the  faces  of 
•  cube.  This  was  observed  by  Wolilor  (/'ojj.  26.  182)  in  iron-pbitos 
which  had  been  imbedded  )>eue«th  tbe  boartb  of  an  iron-smelling 
furnace  aud  exposed  to  a  Gtrong  white  beat  during  tbo  whule  time  of 
•melring.  Tbtt  same  appearance  was  iiotict>d  by  Brcitbaiipt  (./.  pr.  Chan. 
4,  2-1.5)  in  the  A&cbner  meteoric  iron.  Wohlor  likewise  fouud  iron 
erVKtallited  in  nctohcdrons  in  tbe  boUows  of  a  largo  cast-iron  roller. — 
Wrougbt  iron  has  a  fibrous  tt^xtu^e.  It  is  the  hardest  and  toughest  of 
oil  the  ductile  metals;  it  cannot  be  Iwaten  out  into  very  thin  plates,  but 
way  be  drawn  out  into  very  fine  wire-  Iron  puriliud  (1)  by  fusion  with 
■III ithy. scale*  baa,  after  solidification,  a  density  of  T'<^439,  which  la 
rather  increased  than  diminished  by  rolling  out  into  plates  or  drnwing 
Into  nir«i8.  (Bwding.)  The  purest  suft  bar-iron,  oimlaioin^  but  a  trace 
of  carbon,  has  u  density  of  7  7!)  (Kiirsleii);  llmt  of  onlinury  bar-iron  is 
T-Thfi.  (Brisson.) — At  a  red  heat,  iron  becomes  softer  and  tougher;  at  a 
white  heat,  it  may  be  welded;  at  a  tetup<>rature  above  the  welding  pumt, 
rt  crumbles  under  tbe  hammer;    its  melting  point  approaches  the  Umits 


of  temperature  tbat  cnn  be  obtaineil  by  nrdinELiy  means, — bein^,  acconl- 
ing  to  PouiHet,  at  1550"  C,  acconling  lo  Danell,  at  15R7".  necorclirig  to 
Morvcnu,  at  6346°  C,  or  175°  WeJjr.,  and  according  to  Mackcntre,  at 
158°  Wedg.  At  a  still  Iiigber  temperature,  such  &a  tbat  product>d  by 
Hare's  defiagrator,  or  by  tbe  combustion  of  iron  in  oxygen  gas,  it  vola- 
tilises. If  an  electric  current  be  passed  by  means  uf  charcoal  pninti 
through  iron  placed  in  vacu",  there  is  formed  a  quantity  of  vaponr  of 
iron,  which  bums  with  a  flash  un  adraittlnj:  the  air,  and  Jepneits  a 
yellowish-red  film  upon  ihe  ginaa.  (H.ire.)- Iron  is  attracted  by  the 
mngnet,  and  niiiy  Itself  bo  rendered  magnetic,  but  loses  thia  pr«|ierty 
the  more  quiekly  in  proportion  as  it  is  free  from  carbon.  Iron  reduced 
from  the  oxide  by  hydrogen  is  a  jgrey  powder  (Berielius);  in  this  state  it 
does  not  conduct  electricity.  (Higgina  &  Draper,  jV.  Edinb.  Phil.  J.  14, 
315.) 

Atomic  weight  of  Ii-on=21-\ari  {BerM]in8)=95-68  (Capitaine,  Ann. 
Ckim. Phys.lT ,  12B.) — U  According  to  a  more  recent  determination  of  Ber- 
nliug  [Ann.  Pharm.  50,  432),  the  true  atomic  weight  of  iron  is  28.  Tho 
errors  in  previous  determinations  appear  to  have  arisen  from  the  neglect 
of  making  due  allowance  for  the  impuritiea  contained  in  tli<  '         ~ 


CompouHiU  of  Iron. 
Ibon  ahd  Oxtdem. 
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1.  Iron  when  in  solid  maasea  remains  unchanged  in  tl 
sary  temperatures;  the  finely  divided  iron  obtained  by  decomposing  thft 
sesquiosiile  by  hydrogen  gaa  at  as  low  a  temperature  as  possible — if 
allowed  to  cuol  perfectly  in  the  atmosphere  of  hyJro^>n  and  then  eipoeed 
to  the  air  —  instantly  tabes  fire  and  is  converted  into  sesciuioxide, 
(Magnus,  Pogg.  3,  81;  6,  509;  eomp.  II.  27;  and  Stromeyer,  Fogg.  6, 
47 1-)  Iron  reduced  I ly  hydrogen  at  a  red  heat,  does  not  take  fire  till 
heated  nearly  to  redness. 

2.  Coherent  iron  heated  to  redness  in  the  sir  oxidizes  without  visible 
eonibustiun,  and  forms  ferroao-ferrio  oxide;  Scale-oxide  of  Iron,  SmUkg^ 
tealet — which,  by  prolongoil  ignition,  is  converted  into  ferric  oxide  (sm- 
quioxide).  Tbe  succeusire  siiailea  of  yellow,  red,  blue,  and  lastly  grey, 
witii  which  polished  iron  becomes  covered  during  the  operation  of  tem- 
pering, are  due  to  the  very  thin  films  of  fcrroso- ferric  oxide,  which 
transmit  light  more  or  lets,  prudncing  the  tints  of  Newton's  coloured 
rings. 

a.  Iron  heated  to  whiteness  in  the  air  or  in  oxygen  gas  bums  with 
vivid  sparkling,  and  forms  forroso-ferric  oxide;  in  common  air,  the  onm- 
buttion  soon  c«uses;  but  in  oxygen  iia^  it  continues,  if  the  piece  of  iron  be 
thin  (coni^.  II.  .34);  and  the  hij^h  temjierature  thereby  produced,  causea 
tbe  volatllizution  of  part  of  the  iron,  which  is  then  converted  into  seequi- 
oxide.  A  biir  of  Iron  heatf-d  till  it  emits  s)  arks  (i.  e.  to  tbe  welding 
poiut,  will  burn  even  in  the  air.  If  the  biiist  of  the  bellowe  be  strongly 
directed  upon  it.  or  If  it  be  swun^  rapidly  round.  {fyAAa.ma,  Phil.  Mug.  J. 
11.  40",  ai.d  44G;  also  J.  pr.  Cbtvi.  12,  317;  Boerley,  Stratlngh,  N.  Br. 
Anh.  -i'l.  30J;  Darcet,  Pogg.  31,  400.)  In  the  collision  of  Hint  and 
■teel,  fine  particles  of  steel  are  detaclied  by  rubbing  on  tbe  stone,  and 
brought  to  sock  a  temperature  tbat  they  take  fire  in  the  air,  and  impKrt 
tbtir  (Toojbnstiori  to  tinder.     Hence,  according  to  H.  Davy  (ffilfi,  17,  44«), 


ft  flint  ftQd  stoel  in  vdcuo  gives  but  very  Tiiint  gpurka,  proceeding  from 
ignited  pnrticles  of  stonr;   aiui,  accoraling  to  tlie  same  autliority,  iron 
Tery  fina  particles  tal^es  Gre  mutii  Lelow  a  red  Leat. 

4.  Iniu  when  covered  with  a  thin  layer  of  water  and  exposed  to  the 
•if,  is  converted  into  iiydrated  se9quiuxi<le,  by  takiog  up  the  oxygen 
which  the  water  absorbs  from  the  air,  and  combining  as  oxide  with  ft 
purtioii  of  the  water.  In  this  reaction,  there  is  likewise  prodnced  a  portion 
of  ammonia,  which  partly  escapes  and  partly  remains  in  combination 
with  the  hydrateil  ferric  oxide; — the  foritiatioa  of  the  amnioDia  is  dne  to 
the  decomposition  of  a  portion  of  the  water,  and  to  the  oombiiiatiun  of  ita 
hvdriigen  with  the  niirogeu  of  the  air  which  has  been  absorbed  by  the  ^m 
water.  (11.418,  419.)  If  the  iron  be  covered  by  a  deeper  stratum  of  ^M 
water  in  a  vessel  exposed  to  the  air,  so  that  the  transference  of  the  oxygen  ^H 
of  the  air  through  the  water  to  the  iron  may  take  place  more  slowly,  ft  ^| 
lumiatiun  of  black  hydrated  ferroso-ferrtc  oxide  takes  place,  beeansa 
bydratcd  ferric  oxide,  as  it  slowly  forma,  induces  the  iron  to  decompoM 
too  wat«r,  and  form  ferrous  oxide,  with  which  the  ferric  oxide  then  unites. 
(Wiibler.)— Iron  remains  unaltered  in  damp  air,  provided  no  water  is 
deposited  upon  it — as,  for  example,  under  u bell-jar,  closed  at  bottom  with 
ft  wKter-joiut,  and  having  a  piece  of  tarnished  lead  likewise  placed  under 
it,  the  water  being  then  deposited  exclusively  upon  the  lead.  But  If 
there  are  cracks  in  the  iron,  and  these  cracks  are  Glled  with  scale-oxide, 
water  becomes  deposited  upon  this  oxide,  and  rusting  then  takes  place. 
Iron  also  rusbi  quickly  in  damp  air  containing  small  quantities  of  snlphu- 
rctted  hydrogen  {which  6rst  forms  sulphide  of  iron  and  then  ferrous  ^ 
sulphate),  chlorine,  hydrochloric  acid,  and  acetic  acid;  but  carbonic  acid X 
UM  ammonia  have  no  iufluence.  (Bonedorlf,  Pogi;.  42, 332.) — Iron  does  not 
rust  in  the  air  under  water  contjtiniug  small  quuntities  of  alkaline  sub- 
stiAoes.  When  immersed  in  aqueous  ammonia,  potash,  or  soda,  it  remains 
Imghl  for  months.  If  water  at  22°  l>e  saturated  with  hydrate  of  potash, 
one  measure  of  this  solution  is  suUiciotit  to  impart  this  preservative  power 
to  2000  meitsures  of  watery  but  if  tlie  mixture  contiiins  from  4000  to 
5000  nieiuiurca  of  water,  iron  rusts  when  immersed  in  it;  it  likewt^  ruita 
in  ft  mixture  containing  from  1000  to  2000  measures  of  water,  if  the 
Hqnid  be  completeiv  mituralcd  with  carbonic  acid.  One  measure  of  » 
aftturftted  solution  o^  cnrhunste  of  soda  may  be  diluted  with  .^4  mensures 
of  wster  without  causing  iron  to  rust;  but  if  the  quantity  of  water  be 
increaEed  to  HO  measures,  iron  rusts  when  immersed  in  it.  One  measure 
of  a  saturated  solution  of  borax  may  be  dilutoil  with  6  measures  of  water, 
aad  one  measure  of  lime-water  witb  three  measures  of  water,  without 
toeing  its  preserving  power;  but  if  tlie  proportion  of  water  be  increased 
is  either  case,  rusting  ensues.  The  preserving  influence  of  alkalis  does 
BOt,  in  all  probability,  arise  from  their  pciwer  of  witlKirawin^'  carbonic 
■cid  from  the  water;  for  iron  rusts  even  under  thoroughly  boiled  water, 
in  eontftct  with  air  free  from  carbonic  acid  ;  it  is  true  that  the  mixtura  of 
Mfftted  water  with  potash  bus  the  effect  of  expelling-  the  air;  but  if  the 
water  i)  in  great  excess,  the  expulsion  is  very  imperfect ;  moreover,  car- 
bonate of  soda  drives  out  but  a  small  quantity  of  air,  and  borax  none; 
tod  yet  these  substances  prevent  oxidation.  (Payen,  Anv.  Chtm,  Phtft, 
SO,  305.) — Wetzlar  {Sekw.  49,  4X4)  showed,  long  before  Payen,  that  iron 
doea  not  ru&t  in  aqueous  solution  of  potash  or  ammonia,  even  though  the 
tolution  may  be  diluted,  and  that  io  saturated  solutions  of  sulphate  or 
nhnla  of  polash,  it  oxidates  more  slowly  than  in  pure  water,  inasmnch 
a%  aecording  to  his  observations,  these  liquids  contain  \tw  %\t  to  «(i\a.'Cva«.        ( 


MaU  (If.  Quart.  J.  of  Se.  S,  263;  &bo  Popy.  U,  145)  llliewise  fotaA  that 
iron  iloee  not  mat  under  water  into  which  lime  or  iDagi]p9i&  has  tiooQ 
tlin'vn,  or  even  in  b  mixture  of  1  part  of  lime-water  with  4  pnrta  of 
water — Iron  mats  more  slowly  in  prnportion  a«  its  surface  ia  smoutlier; 
the  niEt  ie  fonned  most  abimdaiiLly  in  craclta.  The  purest  iroB  nisi*  lb* 
iBcMt  quickly;  hard  wrnugbt  iron,  richer  in  corboo,  rusts  more  slowly; 
thflD  follows  soft  steel,  then  hard  steel,  then  aofl  cast-iron,  and  lastly  hsr4 
cwMrun.  The  presence  of  Bulphiir  in  iron  accelerates  the  rusting;  plia»- 
phonu  appcsrs  to  retard  it.  Beneath  the  Boccnlent  hydrated  Bes(|ui- 
vxide,  there  is  formed  a  thin  black  crust  [of  forroeo-ferric  oxide  1]  which 
ftdhoros  firmly  to  the  iroii.  Contact  with  sine  protects  the  iron  from  rast- 
ing  only  «o  long  os  the  zinc  does  not  itself  become  covered  with  a  film  of 
oxide.  Till  in  contact  with  iron  accelerates  the  rusting.  (Mor.  Meyer, 
/.  Uekn.  Chen.  lU,  683.) — A  water-conduit  connsting  of  cast-iron  pipea 
became  stopped  up  in  the  course  of  a  few  years  by  the  formation  of 
tuberculous  massea  of  hydrated  fierric  oxide.  According  to  Payon,  grey 
cast-inm  oxidates  more  readily  than  wliite,  and  even  thui  bur-iron;  in 
iron  pip^s,  grev  and  white  cost-iron  are  mixed:  now,  if  tlie  water  eontain« 
too  little  alkiili  to  protect  the  iron  completely,  tlie  parts  consisting  of 
grey  iron  become  oxiibtted  and  produce  the  formatious  of  rust.  When 
cast-iron  of  this  description  is  exposed  to  the  action  of  a  mixture  of  75 
meaaureij  of  aerated  water,  and  one  measure  of  a  snturnted  snlution  of 
common  salt  and  i»rbonate  of  soda,  oxidation  begins  in  a  minute,  and 
there  is  formed, — first,  whitish  hydrated  ferrous  oxide  and  hydntted 
ferroBO- ferric  oxide,  which  at  some  distance  from  the  iron,  are  converted 
into  hydrated  ferric  oxide. — and  afterward*  carbonate  and  silicate  of 
ferrous  oxide,  the  latter  being  produced  by  the  oxidation  of  {filicide  of 
iron.  In  water  oontatning  notliing  but  common  salt,  protochloride  of 
iron  is  likewise  formed.  lu  water  containing  0'3  per  cent,  of  soda- 
liydrato  and  06  of  common  salt,  the  oxidation  i&  confined  within  smaller 
enlaces  around  the  points  at  which  it  originates,  and  spreads  in  verinicnW 
forms.  At  the  oxidiied  points,  the  iron  becomes  richer  in  graphite,  and 
at  the  eaine  time  blacker  and  softer.  (Payen,  ..inn.  Ckim.  fhyt.  63,  405.) 
Since  this  rapid  msting  seldom  takes  place  in  cast-iron  water-pipes,  it  ii 
probable  that  a  peculiar  composition  of  the  caat-iron  is  neoessary  to  ita 
•«,«m«oe.  (Om.) 

5.  Red-hot  iron  in  contact  with  aijueons  rapour  liberates  hydrogen, 
and  is  converted  into  ferroso- ferric  oxide  FeO,FeO',  in  small  octohedrone. 
(Gay-Luseao,  Dospreti,  Ann.  Chim.  Pky».  62,  346.)  According  to 
Ifaldat  (Ana.Chim^  Phyt.  46,  70),  rhombohedmns  of  ferric  oxide  are 
formed,  similar  to  those  of  specnlar  iron;  but  they  were  not  aiialyted. — 
Accurling  to  Stromeyer  {Pogg.  0,  475),  the  iron  takes  up  v^ariable  qtUB- 
titiee  of  oxygen,  the  amount  bein^  greater  as  the  temperature  is  hig4ier 
and  the  action  of  the  aqueous  vapour  more  prolonged,  According  to 
BucboU,  ferrous  oxide  is  produced. 

6.  At  ordinary  tenipcraturee,  and  out  of  contact  of  air,  iron  doea  not 
decompose  tlioronghiy  boiled  water,  nnless  it  is  in  contact  with  more 
electro-negative  bodies,  as  with  previously  formed  ferric  oxide,  mercaiy, 
&C.:  iu  this  c&ae,  and  likewise  wheu  the  liquid  is  heated  to  SO  or  60',  a 
feeble  evolution  of  hydrogen  takes  place,  and  fcrroso- ferric  oxide  appears 
to  lie  formed.  (Hall,  Quart.  J.  of  S<:  7.  M;  Gulbourt,  .liifi.  Ckim.  /**«. 
i  1,  43;  aiao  J.  Pharm.  4,  241.) 

7.  In  presence  of  ai^iil*  which  do  not  themselves  give  up  oxygen,  iron 
quickly  decomposes  water,  and  is  converted,  with  evolution  of  hydn>(;eD, 
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into  ferroas  oxide,  which  combines  with  the  acid.  The  evolution  of 
hydrogen  takes  phice  even  in  aqueous  carbonic  acid;  but  it  ceases  on  the 
addition  of  lime. 

8.  By  heated  oil  of  vitriol,  by  nitric  acid,  hypochlorous  acid,  and 
other  acids,  which  retain  their  oxygen  less  forcibly — also  by  hypochlo^ 
rites,  and,  at  a  red  heat,  by  nitrates,  chlorates,  nitrous  gas,  &c.,  iron  is 
converted,  at  the  expense  of  tho  acid,  into  ferric  oxide.  When  iron 
filings  are  gently  heated  with  fuming  nitric  acid,  explosion  takes  place. 

iFor  the  behaviour  of  iron  with  anhydrous  sulphuric  acid  at  a  red  heat, 
1.  178.] 

A.  Suh'Oxide  of  Iyi>n  ? 

WTien  iron  is  burnt  in  tho  flame  of  tho  oxy-bydrogen  blowpipe,  the 
product  of  the  combustion  i.s  not  .scale-oxide  of  iron,  as  when  the  motal  is 

1 A    •        _  ^       t  r  t  1  I.  1111  ••• 


oxygen ;    it  is   therefore   Fe*0   or  Fe',FeO.    (Marchand,  J.  pr.  Ckeni, 
18,  184.) 

B.  Fi2Bi«ors-oxiDE.     FcO. 

Fi'otoxide  of  Iron,  Eisenoxifdid,  Oxyde-ferreux, 

Formed  in  the  solution  of  iron  in  such  aqueous  acids  as  do  not  easily 
give  up  their  oxygen. 

Not  known  in  the  separate  state. 
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Combinations,  a.  With  Water. — Hydrate  op  Ferrous  Oxide  or 
Ferrous  Hydrate. —  Tiienard's  statement  that  this  substance  is  a 
peculiar  white  oxide  of  a  lower  do;rroc  of  oxidation,  ha.s  been  disproved  by 
Wonst,  Bucholz,  and  more  OHpeci:illy  by  Berzelius.  (Sr/tiP.  22,  3»34.) — 
The  hydrate  is  prccii)itatod  on  niixint;  a  Folntitm  of  a  ferrous  salt,  per- 
fectly free  from  ferric  oxidi*,  with  solution  of  pota.^li  perfectly  freed  from 
air  by  boiling,  the  precipitation  bein*;  porfomuMl  in  a  vessel  from  which 
the  air  is  excluded.  The  white  flakes  which  fall  mu.st  be  carefully  pre- 
Mrved  from  contact  of  air  during  wa.?liinj|r  and  dryiii**.  'J'lic  vessel  in 
which  the  precipitation  by  pota.sli  is  jwrformed  must  l>e  immediately 
filled  Dp  with  thorou;rbly  boiled  water  and  tlien  closed.  As  noon  as  the 
precipitate  has  settled  down,  the  liquid  is  decanted  with  a  siphon,  leaving 
only  a  thin  layer  above  the  precipitate;  the  vessel  airain  filled  with  boil- 
ing water  ponred  in  very  slowly  so  as  not  to  disturb  the  j>n*cipitate;  and 
afterwards  shaken  and  do.'ied.  This  purification  by  altenmte  sub.*<idence 
mod  decantation  mu.<^t  be  perfonned  as  quickly  as  possible,  because  ferrous 
oxide  decomposes  water  by  continued  contact,  and  is  converted  into 


ferroso-ferrlo  oxido.     The  light  p;recn  precipitato  ie  tben  mtrodueed  as 

quickly  us  jios^iblc  into  a  tiibulfttcU  retort,  ha-vinj;  its  neck  fitted  Willi  a 
BU'tJ  rock  from  wliich  pri>cec-<!s  n  tube  28  intlics  long,  beiit  iloirnwardf, 
aod  dipping  into  mercury;  otiict  is  poured  upon  it;  tbe  tnbulature  rloseJ, 
heat  applied  till  the  ether  vapour,  together  with  the  air  of  the  retort,  haa 
all  eei^aped  through  the  mercury;  and  the  retort  afterwards  kept  warm 
vad  the  tube  cool — so  that  tbe  water  may  tliatil  ufT  and  condense  in  tbe 
tube — till  the  precipitate  is  quite  dry.  The  stopcock  ia  tbeu  elosed,  and 
the  whole  left  to  cool;  after  which  thp  retort  ia  filed  with  hydrogen  ga«, 
and  its  contents  emptied  as  quickly  as  possible,  under  a  bell-jar  filled 
with  hydrogen  gas,  into  small,  wiJe -mouthed,  well-stopped  bottles.  If  a 
ferrous  salt  be  procipitnled  by  exc«s3  of  animoDia  instead  of  potash,  the 
precipitate,  after  long  stamiing,  gives  off  hydrogen  gas,  becomes  gradually 
darker  in  colour,  and  when  dried  in  the  manner  above  describcl,  ia  con- 
verted into  black  ferroao- ferric  oxide  containing  aaiinonia.  (G.  Schmidt, 
Ann.  P/tarm.  38,  101.) 

Dried  ferrous  hydrate  is  a  lirittle,  easily  friable  mass,  of  a  fine 
sreen  colour.  (G.  Schmidt.)  Tlie  green  colour  is  probably  dne  to 
iDcipient  oxidation.  It  ia  not  magnetic.  (Wbhier  &  Licuig.)  On 
expoeure  to  tbe  air,  it  is  instantly  converted  iuto  ferric  oxide,  the  change 
being  attended  with  an  evolution  of  heat  which  often  rises  to  redness.  It 
absorbs  carbonic  acid  gas  with  violence,  becoming  at  the  same  time  hot 
and  black,  and  dissolves  in  aqueous  acids  with  great  development  of  heat. 
(O.  Schmidt.)  When  the  liquid  in  which  the  white  flakes  of  hydrated 
ferrous  oxide  have  been  precipitated  is  heated  to  ebullition,  they  turn 
black,  in  coniiequence  (according  to  Wobler  &  Liebig)  of  the  formation  of 
hydrated  ferroso-ferric  oxide  by  tLe  action  of  the  air.  The  protoxide,  if 
expw<ed  to  the  air  while  still  moist,  quickly  changes  to  dingy  green 
hydrate  of  ferroso-ferric  oxide,  and  afterwards  to  yellowish-brown  bydrato 
of  ferric  oxide, 

6.  With  Acids,  forming  the  Salts  op  Ferkods-oxidr,  or  Fehroos 
Salts.  J'roio-talts  of  /;■&«.— The  afiinity  of  ferrous  oxide  for  acids  ia  con- 
fiiderable.  Ferrous  salts  are,  for  the  most  part,  white  when  anhydrous,  sod 
pale  greenish -hi  lie  In  the  hydrated  stale.  The  soluble  salts  have  at  first  a 
sweetish,  and  afterwards  an  inky  taste.  They  give  off  their  acid  on  ignition 
if  the  ficid  is  volatile.  The  residue  obtained  by  igniting  a  ferrous  salt  out 
of  contact  of  air,  consists  of  ferric  oxide,  if  tbe  acid — such  as  salphario 
or  nitric  acid — gives  up  its  oxygen  readily;  of  ferroao- ferric  oxide,  if  the 
acid,  e.g.,  carbonic  acid,  retains  its  oxygeu  more  forcibly;  and  of  metatlio 
iron  if  tbe  acid  is  organic.  Before  the  blowpipe,  with  carbonate  of  suda, 
borax  and  microcosmic  salt,  ferrous  salts  exhibit  the  reactions  of  ferria 
oxide.  They  extract  oxygen  from  the  air  and  from  various  oxidized 
compounds — v'lx.,  from  water  in  presence  of  chlorine,  from  hypochloroos 
acid,  from  nitric  acid,  and  from  the  oxides  of  silver,  gold,  and  paltadioai 
dissolved  iu  aciJs — and  are  thereby  converted  into  ferric  salts.  If  no 
excess  of  acid  is  present  to  hold  in  solution  the  whole  of  the  ferric  oxide 
thus  produced,  part  of  it  ia  precipitated  in  the  form  of  a  yellowish-brown 
basic  salt.  \N'lien  nitric  acid  ia  the  oxidizing  agent,  so  long  as  any 
portion  of  ferrous  salt  remains  unconverted  into  ferric  salt,  the  nitric 
oxide  separated  from  the  nitric  acid  docs  not  escape  from  the  liquid,  but  ia 
absorbed  by  the  excess  of  ferrous  salt  and  forma  a  dark  greenish -browa 
solution.  A  concentrated  solution  of  sulphate  or  hydroehlorate  of  ferrous 
oxide  placed  in  the  circuit  of  a  hundred-pair  voltaic  battery,  deposits 


metallic  iron  in  smail  granules  on  ibe  acgutive  platinum  wire.  If  tbo 
pocitivp  wire  is  dippe>l  into  &  snlulion  of  oomnion  salt  separated  from  the 
iron-iotntion  by  moiat  clay,  the  iron  ia  obtained  in  glittering  crystals 
wliicb  exhibit  magnetic  polarity.  (Becquerel.)  Zinc  imnierseil  in  a 
perfectly  neutral  solution  of  ferrous  snlfihate  or  hydrochlorate  cnnUined 
in  a  fetoppered  bottle,  throws  down  TnetnllJo  iron  (together  with  oxide) 
which  is  deposited  partly  on  the  zinc,  partly  on  tbe  cuotiguouR  side  of 
the  ^Ues.  (Fischer,  Pnpff.  9,  26G.)  If  plates  of  zinc  and  copper  soldered 
together  are  immened  in  the  perfectly  ncutnil  hydrochlorale  solution,  the 
iron  is  deposited  on  the  copper  in  the  form  of  a  bluish-white,  metallic, 
very  friable  mas*,  which,  when  genlly  ignited  in  hydrogen  gas,  become! 
Tery  lough.  (Capitaine,  JV.  Avn.  CLim.  Pkys.  2,  126.)  Anthon  {Rirpert, 
77,  131)  obtained  with  sine,  not  metallic  iron,  but  light  green  flakes  of 
ferroso-ferric  oxide  which  gradually  acquired  a  darker  colour.  [Was  tbs 
sir  perfectly  excluded?] — Hydrosulpburic  acid  precipitates  only  those 
ferroua  salts  which  contain  a  weaker  acid;  e.g.,  the  aqueous  a«id  car- 
bonat«.  Hnd  tbe  neutral  oxalate,  tartrate,  and  acetate,  the  precipitation  is 
the  three  last-mentioned  salts,  going  on  only  till  a  moderate  portion  of 
acid  is  set  free  (Oay-Lueeac);  the  same  re-agent  nrecipitates  the  benxoate 
of  ferrous  oxide,  and  even,  to  a  slight  extent,  tiic  sulphate  nnd  hydro- 
elilorate,  if  the  acids  are  completely  saturated  with  base.  (Grischow, 
Stim.  27,  185.)  Tbe  same  result  wa.9  obtained  by  Wacken ruder 
{N.Br.Arch.  16,  lift),  who  states  that  bydrosulptiuric  acid  throws  down 
ft  Urge  quantity  of  iron  from  acetate  of  ferrous  oxide,  or  from  the  sulphate 
or  hydrochtoratc  mixed  with  acetnt«  of  potash;  but  nut  the  whole  of  it, 
even  when  the  aceialo  of  soda  is  in  cxccsa.  Tbe  black  precipitate  ia 
liydral«d  protosulpbide  of  iron,  wliicb  aciiuires  a  rusty  brown  colour  br 
eziMEnrie  to  tbe  air.  It  dissolves  readily  in  hydrochloric  or  sulplinno 
end,  and  likewise  in  a.  large  quantity  of  acetic  U4:id,  provided  it  dues  not 
cvBtaio  excess  of  sulphur.  (Wackenroder.)  Tbe  corresponding  precipi- 
tates of  cobalt  and  nickel  oxidate  murh  more  slowly  by  exposure  to  tae 
tir." — Tbe  same  precipitate,  bnt  containing  the  whole  of  the  iron,  Is  pK>- 
dnoed  in  all  ferrous  salts  ou  the  addition  of  an  alkaline  hydros ulph ate; 
■od  it  is  not  sulublo  in  an  excess  of  the  reagent.  Hydrusulphate  of 
emmoDia  disaolres  a  mere  trace  of  it,  but  gives  it  up  again  on  exposure 
t«  the  air,  or  on  the  addition  of  hydrosulphite  of  ammonia.  (VV'ackea- 
loder.)  A  very  dilute  iron-solution  to  which  hydrosulphate  of  ammonia 
w  added,  assumes  a  green  colour,  from  the  presence  of  iron  in  a  state  of 
Mupeiuion. — Fixed  caustic  alkalis  completely  precipitate  tbe  iron  in  the 
lonn  of  a  white  hydrate,  which,  by  exposure  to  the  air,  acquires  a  dingy 
green  and  afterwards  a  red-brown  colour. — Ammonia  throws  down  part 
of  the  iron  in  the  form  of  hydrate,  the  rest  remaining  dissolved  in  the 
l)4uid,  which,  when  exposed  to  the  air,  becomes  covered  first  with  a  green 
and  afterwards  with  a  brown  filnn.  If  the  ferrous  salt  is  previously 
mixed  with  sal  ammoniac,  ammonia  yields  no  precipitate,  but  forms  a 
pale  creen  mixture  wbicb  exhibits  similar  appearances  on  exposure  to 
tbo  air, — Monocarboniite  of  poiash  or  soda  and  sesqui carbonate  of  am- 
monia throw  down  white  carbonate  of  ferrous  oxide,  which  soon  acquires 
a  green  and  afterwards  a  brown  colour  by  exposure  to  the  air— and  if 
aal-ammonidO  be  adde<l,  dis.-^olves  in  tbe  liquid,  wbioh  then  exhibit?  a 

Cm  and  subseqnently  a  brown  tuibidity  on  exjmsure  to  the  air,  Bioar- 
ate  of  potash  or  soda  forms  the  same  precipitate,  with  evolution  uf 
cariionic  acid;  but  if  the  solutions  arc  dilute,  a  clear  mixture  is  formed, 
whidi  deposits  ferrous  carbonate  on  boilina;,  and  on  exposure  to  the  air. 
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IBOK. 

■elda  a  preoipitata  of  liydnted  fetroso-forrio  oiida — Cnrlioiiftt*  of  1 
l>«a  not  procipitale  ferrous  ealta.  ( Fucbs.) — PboirpkBte  of  auda  f 
KU^s  (up   Ui  11  tliuuaand-folJ  dilulinn:   I'/a/}   white  pboxphule  of  ferrofl 

Ixide,  which   acquirea  a  LluiaU-gret-n  colour  by  esposure  

h-raeuiata   of  euda   procipitalea   (np   to   a  thonjauid-fold  dila^on:   P^flfi 

white  araoniato  of  ferrous  oxide,  which  becomeB  dingy-grocn  on  esposurft 

|to  tliu  air. — Ox&lia  acid  uiil  acid  oxahite  of  pot4uL  communicate  a  yel)ov 

r  tu  ferrous  saltti,  and,  after  a  wliile,  throw  down  yelJow  oiauite  of 

I  ferroua  oxide,  the  precipitation  tieiag  immediate  when  an  alkaline  oxalate 

I  is  Daed. — FciTocyanide  of  potaisiuin  forms  a  precipitnto  which  la  wUita,  if 

'  th(i{  solution  bas  been  perfectly  freed  from  air  by  boilius  aitJ  the  iroa- 

aali  is  absolutely  free  from  ferric  oxide,  but  otherwise  bluish- white:  \" 

«xpoEnre  to  tho  air,  this  procipita.te   ia  converted   into  Pruseiui-bliti 

Pcrricyanide  of  potassium  givea  a  precipitate  of  Fnusiiui'blue  t 

very  dilate  solutions Tincture  of  galls  neither  colours  nor  preoi^ta 

ferrous  salts,  when  they  are  quite  free  from  ferric  oxide;  but  the  mixtoq 
acquiruB  a  violet-black  colour  on  exposure  to  tho  air.  According  ) 
Pfaff,  tincture  of  galls  gives  a  purple  colour  and  precipitate  with  aqaeM 
ac-id  carbonate  of  ferrous  oxide. 

Those  ferrous  salts  which  are  insoluble  in  water,  dissolve  in  oqaei 
hydrochloric  acid.     Both  the  aqueous  and  the  hydrochloric  acid  Eofatii 
absorb  lar^  quantities  of  nitrous  gab,  thereby  ac({Diring  a  dark  broin 
colour.  (Vitl.  Sulphatettad  Ut/drochioratt  of  Ferrotu-oxidt.) 


C.  Perroso' FERRIC  Oxide. 

Sitennrydoxydv.!,  Deutoxyde  de  Fer. — Tho  name  Ferro»o-firrie  o. 
is  applied  to  oxides  of  iron  which  contain  more  oxyi^n  than  the  protoxide 
and  lefa  than  the  sesquioxide,  and  may  be  regarded  as  compounds  of  the 
protoxide  and  sesquioxide  in  various  proportions. 

a.  .'seah-oxiile.—eYaO,  Fe'O',  When  iron  is  heated  to  redness  in 
the  air,  two  layers  of  scale-oxide  ar«  formed,  which  may  easily  be  sepa- 
pBtfld.  The  inner  layer,  eFeO,  Fe'O',  is  blackish-^y,  porous,  brittle, 
and  attracted  by  the  magnet.  The  outer  layer  contains  a  larger  quantity 
of  ferric  oxide,  but  in  variable  proportion;  it  is  of  a  reddieh  iron-black 
colour,  dense,  brittle,  yields  a  black  powder,  and  is  more  stroogly 
attracted  by  the  magnet  than  tho  inner  layer.  The  amount  of  feme 
oxide  in  the  outer  layer  la  between  32  and  37  per  cent.,  and  ou  tho  very 
surface  it  is  as  much  as  328  per  cent.  (Moaander,  Poffff.  C,  35;  also 
Sehw.  47,  81.)     Specific  gravity  of  the  6cale.oxide=5-4tl.  (P.  Boullay.) 

Or !  Mosander.   BErffaicr.  J 

i    ....     }i  CFeO  ....     210    . .,     Ta'02    ...,     72'M     „..    04-1    1 

....     Si  Fe^O*  ,,..       Tfl     ...     2708    ....     26'41     . 


BFa.... 


<FeO,FaK>>   288     ..,.  lOO  288     ....  lOOUO    ....  lOU-UO 

Benblef  (.4nn.  Chlm.  Pkyt.  -27,  19;  also  ScJiw.  43,  319)  regards  I 
scale-oxide  aa  4FeO,  Fe'O';  Mosandor  attributes  the  ;:rGater  aiuouut  J 
ferric  oxide  found  by  Berthier  to  the  fact  of  Berlhior  having  analyiad  tJ 
inner  and  outer  layers  together. 

h.  Magnetic  Uxtdt.     FeO,  Fe-0\ — Found   native;   likewise  i 
meteorites. — Formation.     I.  In  the  rapid  combustion  of  iron,  eithtirl 
0x3^^  gas  or  iu  the  air.  (Mitscherlioh,  Fopg.  lo,  632.) — S,  By  ignilF 


FERROSO-PEBRIC   OXIDE. 

inm  (or  ttiescxJe-oxide:  RffpiavU)  in  an  atmosphere  of  hydrogen  g»s. 
Ot^-Lossmc,  DespretK.)     The  iron  pistes  vhick  are  laid  beneath  the 

wrtlia  of  iron-ami-'itiiig  furaocca  and  are  exposed  to  a  red  lieat,  aiv,  in 
_»  oouree  of  6  or  10  years,  completely  converted  by  the  moistnra  of  tho 
piil  into  ma^e tic  oxide,  partlycryElalline,  partly  amorphous  und  attracted 
hy  the  moffnet  (but  not  itself  maKDetic).  The  eame  compoiiod  ie  formed 
DO  the  VDiier  eide  of  the  reb'ning  LearthB,  where  the  iron  oomee  In  contSiDt 
rith  aqueoQE  vapour.  (Koch,  Uebcr  Kryslall.  Ilutleuprodacte,  a.  17.)— 
"y  fusing  protocliloride  of  iron  at  a  low  red  heat  with  dry  carbonate  of 

da  Bjid  extracting  the  chloride  of  Bodium  with  water,  the  magnetic 
oxide  is  obtained  in  the  form  of  a  black  ben vy  powder.  (Liebig&  Wbhler, 
foffff.  21,  582.)  [Is  the  higher  oxidation  of  the  iron  in  this  process  due 
to  the  oxygen  of  tho  air  or  to  the  carbouiu  acid  of  the  carbonata  of 

The  native  oxide  ciyetalliEes  informs  belonging  to  the  regular  system; 
Iff.  S,  3,  5,  B,  &G.  Cleavage  indistinct,  parallel  to  o.  Harder  than  flaoi^ 
t^i  >P-  gr.  5'094.  Fracture  conchoidal.  Colour  iron-black;  yields  a 
(ink  powder.  Fuses  more  readily  than  iron;  with  difficulty  before  the 
Uowpipe.  Attracted  by  the  moi^net  and  often  itself  magnetic.  The 
aside  prepared  by  (2)  has  a  epecilic  gnavitv  of  5-10.  Crysbilliiee  in  the 
ibrau  represented  in  figures  1,  4,  and  8.  (Koch.) 

Got- 
Beraeliui,  Fuche.  Deapretz.  Lns>BC. 

Mim.  nalicf.  preparedly  (2) 

8Pe._ SI     ....     n-68      ....       n-80      ....       71-91       ....      72-t6      ....       72-5 


leliug.  Vacht. 


Dnpreli.    Gajr-Lmgio, 


|W>,F^0> 


13     ....    lOD'DO       ...,      100        . 
(Fe'0'=  3  .  33921+400  = 


99-28      ...,     100 
nr-63.     BeneliniO 


ITfae  Analysis  of  the  magnetic  oxide  from  ScLwarxenetein  corresponds  to 

9  formula  3FeO,4Fe'0',  probably  becftuEO  the  ore  contains  specular 

.a  mixed  with  it.  (Vou  Kubell,  .Sii/m.  82,  \95;  64,  42J);  ,/.  pr.  Ghtm. 

1,  86.)  I^For  Kareten's  analyses  of  vairioua  kinds  of  magnetic  iron-ore 

id.  Kanlen'g  Arch.  f.  Btrgh,  u.  Huitrnk.  16,  17.1 — On  the  hearths  of 

inddling   furnaces  there    is  formed  a,   mixture   of  ferroue  silioate  and 

atngnetic  oxide;  the  latter  is  found    crystallized  in  geodee  of  regular 

.totrab«drong,    truncated    octohedrons,    and   rfaomboidal   dodecjibedrona ; 

lese  crystaU  dissolve  in  hydrochloric  acid,  with  separation  of  gelatinous 

lict,  and  contain  35  per  cent,  of  ferrous  oxide,  58  p.  c.  of  ferric  oxide, 

id  7  of  fliliea,  (Lanrent  &  Holms,  Ann.   Chim.   Phyi.  60.  .130;  also 

fff.  Chm.  7,  338.)    Probably  a  mixture  of  3(FeO,FeH)')  and  FeO.SiO*. 

t>eeompotUiimi  of  Ferroto-ffii-if.  Oj-ide. — Reduced  to  the  metallic  etate 

f  tihftrcna)  at  a  white  bent.     Ponnilc<l  scale-oxide  ignited  in  a  charcoal 

vcittle  i«  ponrerted  on  the  outside  into  soft  pulverulent  metallio  iron  of 

ktmclEtfifa-blue  colour;  further  inwards  is  found  olivo-green  iron  which  ia 

Bty  pure,  and  free  from  carbon  and  oxygen;  and  finally  in  the  middle 

lOTfl  is  formed  a  mixture  of  oliie-given  iron  and  undeconiposed  loaltt-^ 

vxide;  no  free  protoxide  ii^  found  in  any  part  of  the  mixture,— 


the  iiietaJlic  state  bv  hydiogea  gds  at  all  temperaturea  between  400°  and 
the  Htrongest  heat  of  tlie  wiad-fumacc;  generally,  at  the  same  temperature 
as  valer,  on  the  other  baDd,  is  decomposed  by  metallic  iron.  (Gay'Liissac; 
comp.  \.  123.)— Ammoniacal  gas  likewise  reduces  the  iron  at  a  red-heat. 
— /WniBt  putmratuTn  might  perhaps  be  best  prepared  by  rcdticiDg 
scale-oxide  with  hydrogen  gas  ia  an  iron  tube. — 8.  Carbonic  oxide  gaa 
&cis  like  hydrogen;  it  reduces  rcd-bot  ferroeo' ferric  oxide  to  the  nietallia 
state,  with  foniiation  of  carbonio  acid,  and,  on  the  other  hand,  carbonio 
aeid  b  reduced  by  iron  to  the  etate  of  cnrboiiic  Dxide,  with  furmaliun  of 
/erroso -ferric  oxide.  (Despretz,  Ann.  CUim.  Pkyi.  43,  222;  aUo  Pogj. 
18,  l.iO;  G6he\,  J. pr.C/iem.  G,  38C;  Leplay  &  Laurent.  Ann.  C/.im.  Phyu 
63,  404.) — Carbonic  acid  gas  mixed  with  an  equal  volume  of  carbonio 
oxide  likewise  converts  red-hot  iron  into  ferroso-ferrio  oxide.  (Laurent, 
Ann.  Chim.  Phtfu.  (15,  A-13.)—i.  Potassium  and  sodinin  at  about  300" 
likewise  reduce  ferroso- ferric  oxide  to  the  metallic  state,  the  rednetiOB 
being  attended  with  a  sliglit  evolution  of  light  and  heat. — 5.  Uy  igniUon 
with  sulphur,  this  oxide  yields  sulphurous  acid  and  sulphide  of  iron.- — 
6.  Whet]  linely  pulverized  and  treated  with  a  quautity  of  dilute  hydro- 
chloric acid,  less  than  suBieient  to  disBolve  it  completely,  it  ia  resolved 
into  ferrous  oxide  which  dissolves,  and  red  ferric  oxide  which  remuna 
undissolved.  (Berzelios,  Schv.  15,  291.) 

Combinafiomi. — a.  With  Water. — HvnnAXE  of  FEnnoao  fi^kio 
Oxide. — a.  Dingy-^ten  Hj/drate. — By  exposing  the  white  hydrate  of 
ferrous  oxide  to  the  air  for  a  shnrt  time, — or  by  precipitating  a  mixture 
of  a  ferrous  salt  and  a  small  quautity  of  ferric  salt  with  potash  or 
animunio— a  dingy  green  hydrate  of  ferroso- ferric  oxide  is  obtained, 
which,  ou  further  exposure  to  the  air,  is  quickly  converted  into  rnstr 
brown  hydrate  of  ferric  oxide. 

$.  Biick  //yi/ra^i?.— Precipitated  from  a  solution  of  mainetio  oxide  in 
hydrochloric  acid,  or  from  a  mixture  of  ferrous  and  ferric  salts  containing 
1  At.  FeO  to  1  At.  Fe'O^  on  the  addition  of  poiiish  or  ammonia.  Tbo 
yellow  solution  of  magnetic  oxide  in  hydrochloric  acid  yields  witk 
ammonia  a  brownish-black  precipitate  winch  is  magnetic  even  whilti  in 
the  liquid,  so  that  it  culleeta  ruund  a  miignet  dipped  into  that  liquid. 
It  may  be  washed  on  the  filter  without  becoming  more  highly  oxidiud. 
(Liebig  &  Wtihler,  Poi,g.  21,  583;  also  Mag.  Phiirm.  34,  138.)— 2.  Ths 
same  precipitate  is  obtiuncd  by  mixing  sulphate  of  ferric  oxide  and 
ammonia  with  sulphate  of  ferrous  oxide,  in  such  proportion  that  the  ferrie 
oxide  present  iu  the  mixture  may  contain  three  times  as  much  nxygeu  h 
the  ferrous  oxide,  and  precipitating  with  ammonia.  If  the  quantity  of 
ferrous  sulphate  is  greater  than  tlie  above,  the  precipitate  will  cuutain  aa 
excess  of  hydrated  ferrous  oxido,  which  will  oxidate  more  quickly;  if, 
on  the  contrary,  the  ferric  salt  is  in  excess,  the  precipitate  will  contUB 
free  hydrated  ferric  oxide,  from  which  the  hydrated  ferroso- ferric  oxide 
may  be  separated  by  the  magnet.  (Ahich,  Pogg.  23,  354.'!— 3.  Tw« 
equal  portions  of  ferrous  sulphate  are  taken;  the  first  is  diiisolved  la 
water  acidulated  with  sulphuric  acid,  and  oxidated  at  a  boiling  heat  by 
the  addition  of  nitric  acid  iu  small  portions  at  a  time.  The  other  portion 
is  dissolved  in  water  freed  from  air  by  boiling.  The  two  sulutiona  an 
then  mixed;  the  mixture,  while  Btill  hot,  precipitated  by  ammonia  ad<led 
at  once  in  excess;  and  the  liquid,  together  with  the  brown-black  pree>- 
pttate,  heated  for  some  minutes  to  the  boiling  point.  The  precipitated 
terroKO-ferric  oxide  is   then  collected   on  a   filter  and  washed— during 
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which  process  it  undergoes  further  oxidation — and  then  ilried  at  a  gentle 

Iwit.   (Wdhler,   Ann.   Phnrm,    22,    od.)      [This   process    should    viehl 

2P«0,Fe'O';  but  even  if  a  greater  quantity  ot  ferric  oxide  is  not  produced 

h)r  the  nitric  acid  still  roniainiug,  or  by  c mtact  with  the  air,  the  prcipor- 

tioa  of  that  oxide  is  sure  to  be  increased  by  decomposition  of  water.] — 

Mercer  (Phil,  Mag.  J,  20,  JMO)  adoj)ts  the  same  process,  excepting  that 

he  boils  the  liquid  down  so  Jis  to  expel  any  accid(?ntal  exce.'js  of  nitric 

leidand  precipitates  by  potash  at  a  boiling  heat  instead  of  by  ammonia. 

Tbe  precipitate  when  examined  by  the  microscope  appears  to  consist  of 

Iwown  transparent  lamina). — 4.    Jiottirer  (IJeUraf/e,  2,    12)   precij»itates 

wrooB  sulphate  free  from  ferric  oxide  by  the  aildition  of  carbonate  of 

fot;  washes  the  precipitate  several  times  by  decantation;  and  then  boils 

*'  with  tolerably  concentrated   caustic  potash.     This  process   viehls   a 

rehet-black  powder,  nincli  less  liable  to  ab.-orb  an  aihlitional  cjiiaiitity  of 

pxygea  than  that  which  luis  been  precipitated  by  ammonia.    [No  hydr.»gen 

w  evolved  on  boiling  the  precij)itate  with  potash  out  of  contact  of  air, 

wd  the  precipitate  remains  greyish-white.  Gm.] — 5.  Noel  {aY.J.  Phann. 

h  62)  precipitates  ferrous  sulphate  with  carbonate  of  soda,  washes  the 

feffous  carbonate  by  decantation,  leaves  it  to  drain  upon  linen,  ami  then 

*'eal«  it  in  a  cast-iron  vesesl,  with  c(mstant  stirring,  till  it  is  dry.     It  is 

tHorehy  converted  into  a  velvet-black  powder.     Souboinui  obtained  by 

^ii»  process   a   precipitate  which  was  not   perfectly  black,   and   when 

treated  with  hydrochloric  acid,  evolved  carbonic  acid. — 6".  Preu.ss  intro- 

QQccs  4  parts  of  pulverized  iron  and  5  parts  of  ferric  oxide  into  a  flask, 

to;retber  with  a  two  or  threefold  cpiantity  of  water,  and  Ixnls  the  liquicl 

gently  for  some  time.     The  mixture  gives  oft'  fetid  hydrogen  gas  and 

turns  dark  brown  at  first,  but  afterwards  black.     When  the  involution  of 

gas  ceases  and  the  resulting  bbick  powder  settles  (h)wn  rea<lily,  it   i? 

separated  by  levigation  from  the  excess  of  iron;  thrown  on  a  filter  of 

grey  porous  paper;  and  the  filter,  after  the  water  has  drained  oft*,  is 

wrapped  up  in  a  large  «piantity  of  paper,  and  quickly  dried  in  hot  air. — 

The  bLick,  very  loose  powder  dissolves  in  acids  without  evolution  of  ga.s, 

and  the  solution  yields  a  black  ])recipitate  on  the  addition  of  an  alkali. 

The  precipitate  must  not  bo  dried  by  heat,  because  in  that  ra.se  it  wouhl 

turn  brown  from  higher  oxidation.     In  the  formation  of  ferroso-ferric 

oxide  by  this  process,  the  ferric  oxide  docs  not  give  up  oxygen  to  the 

iron,  but  induces  the  decomposition  of  the  water,  by  its  preilispo-sing 

affinity  for  ferrous  oxide.     Zinc  is  not  oxidated  by  b.)iling  with  water 

and  hydrated  ferric  oxide;  the   hydrates  of  alumina  and  chromic  oxide 

exhibit  a  similar  disinclination  to  oxidate  iron.    (Wohler,  Ann.  Phann, 

28,  92.) 

The  black  hydrate  of  ferroso-ferric  oxide  exhibits,  after  drying,  the 
appearance  of  brown  black,  brittle,  strongly  magnetic  lumps,  having  a 
conchoidal  fracture  and  yielding  a  dark  brown  ]>owder.  It  contains 
ahout  7  per  cent  of  water,  whicli  it  gives  oft'  when  he:ited  in  a  n^tort, 
leaving  black  anhy<lrous  ferroso-ferric  oxide.  When  heatetl  in  the  air  it 
is  converted  into  ferric  oxide.  From  its  yellow  soluti(»n  in  hydrochloric 
acid,  it  is  precipitatinl  unchanged  by  annnonia.  (Wiihlor.) 

Iron-black  or  ^Etkiops  martial  is  Leinertfi  is  a  mixture  of  ferric  and 
ferroUH  oxides,  in  different  pn)iH)rtions,  according  to  the  mode  of  prepara- 
tion, and  partly  hydrated. 

Anhi/i/rous  ^^(hiupH    is  obtained  by  the  following  methods:  1.   By 
pa<ving  ai^ueous  vapour  over  red-hot  iron,   or  sprinkling  red-hot  iron 
lilings  or  nails  repeatedly  with  water,  till  they  become  friable.     This 
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method  fields  FeO.Fe'O'. — 2.  An  intimate  mixtim  of  pulTeriaed  i\ 
and  f<*rric  oxide  is  ti;L'lit1y  pre8>ed  into  a  crucilde,  the  cover  put  nem^ 
niu\  the  wliolc  exp<)se<l  for  twu  Iiours  to  an  intense  heat.     To  obtaisa 
FeCFe-O**  hy  this  process,  the  proportions  re<^uire*l  are  l7  pta-  (I  At.  ^ 
iron,  ']12  pts.  (4  At )  Fc'O^      Vauqiielin  and  BuchoU,  with  the  view  f»f 
ohtiiinin^  puic  ferrous  oxide,  nrescrilM)  Oo  puris  (rather  more  than  1  AL^ 
of  ferric  oxide  to  27  pts   (l  At  )  of  iron;  in  that  case,  the  products  muifc 
contain  metallic  iron. — 3.  Hydrated  ferric  oxide  is  mixed  with  a  safficienfe 
quantity  of  olive  oil  to  form  it  into  a  moist  powder,  and  then  ignited  ins 
covered  erne i hie  or  in  a  retort.     The  anhydrous  oxide  may  likewise  be 
used  instead  of  tlic  hydrate,  and  wux  or  viup^r  instead  of  oil :  vinegar 
if   used  must  he  added  in   large   quantity,   the   mixture   subsequently 
distilled,  and  the  residue  heated  to  reduess.     The  charc<»al  which  remains 
on  iirnitinnr  these  suh^tances,  nerves  for  the  jartial  reduction  of  the  ferric 
oxide.     If  tlie  quantity  of  organic  nuitter  is  too  smalL  part  of  the  ferrie 
oxide  remains  unalteretl;  if  it  is  too  great,  an  excess  of  charc<)al  is  pro- 
duced, and  part  of  the  ferroso- ferric  oxide  is  thereby  reduced  to  the 
metallic  state. 

J/f/tirated  ^thiops. — 1.  Iron-filings  are  placed  in  a  wide  vessel  and 
covered  with  a  deep  stratum  of  water;  the  whole  is  exposed  to  the  air  for 
a  considerable  time  and  fre(|uently  stirred;  and  the  lighter  black  powder 
which  forms,  decanted  from  time  to  time  from  the  remaining  iron  filiu)^ 
then  quickly  collected  on  a  filter,  and  rai)idly  dried  at  a  moderate  heat 
(Lemery.)  If  the  filings  nrc  moistened  with  only  a  small  quantity  of 
water,  and  the  mixture  agitated,  the  oxidation  goes  on  much  more  rapidly 
and  is  attended  with  evolution  of  heat,  so  that  it  becomes  necessary  to 
replace  the  water  as  it  evaporates;  after  five  days  the  sethiops  may 
be  removed  hy  levi^ation.  ^Cavezzali.)  This  preparation  is  doubtless 
identical  with  the  black  hydrate  of  ferroso -ferric  oxide  already  described 
(p.  1 ,02),  and  the  much  more  expeditious  modes  of  forming  it,  recommended 
by  Preuss  and  Wohler,  arc  to  be  i>referred. 

b.  With  Acids,  forming  the  Salts,  of  Ferroso-ferric  Oxide,  or 
FEKKoso-ri-RUic  Salts. — These  salts  are  obtained  by  partial  oxidation  of 
ferrous  falts,  or  partial  de oxidation  of  ferric  salt«,  or  by  mixing  ferrous 
selts  with  ferric  salts,  or  by  dissolving  ferroso-ferric  oxide  in  acrids. 
They  are  mostly  of  a  bright  green,  brownish,  or  yellow  colour,  and  have 
a  ferruginous  taste.  Like  the  ferrous  salts,  they  are  converte<i  into  ferric 
salts  by  oxidation.  Many  oxidahle  substances^  on  the  contrary,  such  as 
sulphuretted  hyilrogen,  metals,  tS:c.,  convert  them  into  ferrous  salts  by 
withdrawing  a  portion  of  their  oxygen.  They  may  be  regarded  na  mere 
mixtures  of  ferrous  wiih  ferric  salts,  and  exhibit  many  reacti<ms  belonging 
to  one  or  the  other  of  these  salts.  They  art<  characterized  by  the  green, 
black,  or — if  a  large  quantity  of  ferric  salt  is  present — the  brown-black 
precipitat')  which  they  form  with  alkalis,  and  the  blue  with  cyanide  of 
potassium.  They  resemble  the  ferrous  salts  in  giving  a  blue  precipitate 
with  I'crricyanide  ofpotas-ium,  and  the  ferric  salts  in  their  behaviour  with 
meconic  acid,  gallic  acid,  hydrosulphocyanic  acid,  and  ferrocyanide  of 
potassium. 

D.  Ferric  Oxide.     Fe'O*. 

Sefqnioxiffe  of  Troriy  reroxide  of  Iron,  Hed  Oxide  of  Iron,  Ocears  in 
the  forms  of  iSpecufar  Irvn  or  Iron-glance,  Bed  Hmmaiitt  i>t  Jicd 
Iron-stone^  and  Mariite. 
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^f^ration.  1.  By  ijiiitini:  tLe  xncial  or  ferr  ■->:-rT:? 'X:  ••?  f .  r  a 
f^ideraMtf  timo  in  cii.Ta-.":  v.  .:l  -;.-  .  '.  r  •  .^  .V  .  •  *  •  -.  -  •. — -2  l-y 
VDiting  Lvilraied  ferric  •x  iv.  ■>.  Bv  -::  :..•!.  :.:.;:'::..•  r  .*..■: ii»;-:  ^t--:':! 
mWoJ,  or  diMilpii:»to  of  :\  ::!-■•  xil- ;  '..•..'■,,•  ■  '..  ,  V  :  .». 
7*^'  fiyoxid.ttin::  irua  w!:ij  c. ::]«.•  a-.:i.  :!.  :  •■•a:  :.  :  :  »■  i  •  •iivi-.o--  iii.d 
'«Diting. — 5.  By  di'flaj^ru :;!..'  1  j-ari  -.:  ::.r.  rl.i:  j^:-  w::li  :hrrr  j«;k>  of 
'''^,  ami  extractin:;  me  \*  lu-L  »r::L  wu'-  r;  '.  .       *  J/  »  •.  *  Z.:  j-  i. 

Pittptrtits.     TLe  primary  f  r:ii  <'f  ^je'-  ir  ir..:.  i-?  xaI.  :.«.■::•:  :li":..K.^- 
^Wfon,  fiy.  1.>1:    al^o   /\>.  ijo.  1j"».  !■>•.  i-**?:    •  . /-=>7'  •.«':       :  '  ur 
'^^ftS'j';    sromewhut   ck-u\u''l'-   j-arilirl    :.•     '.     Hu-y.       >]♦.  jr.  .r«2"I 
(Ifohfi);  5-19. ...:2  3    G.  H-.-e  .     >L.:t':r  i;.:!::  «^u.»::7:  -:'.! -jrov.  yi..i.iir*: 
AbiowD-red  powder.     In  iLin  ia:;.i:.:t.  a?   l  •••.c:;:?  in  n.  Ci-to..?  ::••:.-«. re, 
i(  transmit tf  liirlit  of  a  red  c-  l-'^r.     K«ri  Ln.  :.s;i:.ie  >  jt-r.-.nw.y  «.f  li;  :•  u- 
(exture,  less  Lard,  uf  LrM-AL-re  i  c -iM^r.  a:.d  iii«  -ily  l.u.*  a  'ioij.-.ty  .  f  4  7. 
— Martite,  aItliou;L'h  it  CMn*  -i?  "if  p.ifr  forric  ox;  .•.•.  i  T.s.tai.ize-  in  r-j-ilar 
octoliedrons.  prohuldy  ilu-r»"f'»re  oxiii  iiin  j  a  (.-av:  of  ij-.u!..!  |  hi>:ji.  .  K«  i»«il, 
Schw,  62,  lOU.) — Artitic  al  ferric  mx."!-.  «.  i'i.i;i>:dl'V  ?tioiii:   L'i:itiM!i  «'f  ti.e 
sulphate  or  nitrate.   ir»   ateil  jrey  un  i   iii'taH.'.-:    .-«'iuv;:iu».'?.   wLvn  ii  i^ 
produced  by  heutin:;  the  .-e^'^iiicj.liirnie  •  f  \t*'W  in  vt-M-l*  cniuinnj:  air, 
it  forms  a  i>uMimat«.'  c««ri.*  .-jiinj  of  laniiLti.   i'lviiiieii  with  ilnise  i-i   mica- 
ceous iron-glanre  •/*''/.  J.i'>.  wiilj  the /#  face?  t  nlarji'i  :  anti  aj  i»ear?  lei 
bv  transmitted  li'dit.     The  >.iii.e  hiuiLe  a:e  f«r:ii»'i  .ii  i  oiterv-iurnact-  in 
wbieh  the  ware  i?  ;rhiz<d  witij  e-anii."!!  sail.    Mii^chei.ieh.  I'.'JJ.  l*'.«ioU.) 
^  The  specitic  i:ra\ity  uf  ait.H<iai  ferric  oxi-ie  i;,'iiiitd  "Vir  a  ?pir:t  lamp, 
18  5'17;  after  ignition  over  a  charcoal  tire   ^04.     In  the  p«ttery- furnace, 
it   lueltify  but   U  at  the  >ame  timejartly  converted  into  ferrous   oxide. 
(H.  Rofcc,  Fogg,  74,  44U.;  *: 
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Dfcumpofiitions.     1.  By  gentle  ipiition  with  charcoal,  it  is  reduced  to 
ferroho-ferric  oxide;  by  t-tnuiger  i^ruition.   to  the  metallic  ^tato. — Ferric 
oxjiie,  heate<]  to  wliitene.-s  in  a  charcoal  crucible,  yicKU  metallic  iron  at 
the  part  which  i"?   in  contact  with  the  charcoal  linin;::,  but   ni»t  till  the 
re««t  of  the  oxide,   to  the  very  centre,  i.s  retlncetl  to  the  .>taio  of  ferro»o- 
ferric  oxide.  (Berthier.)     Thi.s  reiluction  of  the  part  of  the  oxide  nt»t  in 
contact  with  the  charcoal,  to  the  ^tate  of  ferroni- ferric  oxide,  is  due  to  th«^ 
aetion  of  carbonic  oxide  ;:.i.<.      If  two  ]>latinum  crucibles,  tlie  one  contain- 
ing a  piece  of  charcoal,   the  otlier  a  piece  of  in»n-.i:lance,   be  placed  at  a 
distance  from  one  another   in  a  porcelain  tube  clo.'^cd  at  one  en«l.  antl  iho 
wlnde  i;:nited,   carbonic  oxitle  and  carbonic  acid  \^',\y\}^  are  evolveil,  and 
the  iron-;Lrhince  redure<l  to  the  metallic  state.     Imt  the  oxy^'cn  of  the  air 
ill    the   tube  combiues   with   the  charcoal  and  forni.s  carlxuiic   oxide  ;ras, 
which  is  converted  into  carbonic  acid   by   the   ferrii-  oxidi',  and  .sul».se- 
fliienlly  brou>:ht  back  to  the  state  of  carbCnic  oxide  by  the  charciwil,  and 
soon.'   If  the  tube  is  Ii  lied  with  nit  rojL^on  pus    the   UMluciiim   is    much 
flower;  in  this  ca^e,  the  .niall  ipiantitie.^  of  o\y;:en  and  hy»lrogcn   in  tho 
ch'trcoal,  which  are  Hft  free  in  the  form.s  of  carbiuiic  oxitle  and  hydn»iren 
gajB,  flervc  to  induce  the  reduction.  (Leplay  <L  Laurent,  Ann,  ChivL  l*hj/*, 
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65,  403;  also  J.  pr,  Cheni.  13,  284.)  —  The  pccnliar  circumstance  in 
Borthicr's  experiment  of  the  non-pro<hiction  of  metallic  iron  till  all  the 
ferric  oxide  hiid  been  converted  into  ferroso-ferric  oxide,  cannot  be  ex- 
plained by  the  penetration  of  carbonic  oxide  gas  from  the  carbonaceous 
envelope  to  the  interior;  for  carbonic  oxide  c^uld  not  penetrate  the 
ferroso-ferric  oxide  without  reducing  it  to  the  metallic  state;  the  reduc* 
tiou  must  therefore  be  a  transposition  of  atoms,  like  that  which  occurs 
in  galvanic  decompositions,  wlieroby  the  oxy^n  of  the  ferric  oxide  is 
transferred  from  the  interior  towards  the  carbonaceous  envelope.  For 
copper,  likewise,  when  surrounded  with  cupric  oxide  and  ignited,  is 
converted,  oven  to  a  considerable  depth,  into  cuprous  oxide,  to  which 
state  the  cupric  oxide  is  also  reduced, — and  this  effect  takes  place  with- 
out the  co-operation  of  any  gas.  (Degen,  Ann,  Pharm,  29,  261.)  — 
Becquerel  {Ann.  Chhn.  Phys.  49,  131)  likewise  supposes  a  galvanic 
motion  of  this  nature  to  take  place  in  Berthier's  experiment. 

Since,  according  to  Laurent  {/inn.  Chim.  Phya,  Q5y  404),  carbonic 
oxide  gas,  mixed  with  an  equal  volume  of  carbonic  acid,  merely  reduces 
ferric  oxitle  to  ferroso-ferric  oxide,  the  explanation  of  Leplay  &  Laurent 
may  still  hold  good,  if  we  are  at  liberty  to  suppose  that  the  diffusion  of 
the  gases  in  the  pulverulent  mass  of  ferroso-ferric  oxide  takes  place 
quickly  enough  to  transfer  the  carbonic  acid  gas  produced  in  the  interior 
towards  the  charcoal  envelope,  in  quantity  sufficient  to  interfere  with  the 
reducing  action  of  the  carbonic  oxide  which  diffuses  itself  from  without 
inwards, — that  reducing  action,  moreover,  being  iu  itself  but  feeble. — 
Ferric  oxide  ignited  with  carbonate  of  soda  on  charcoal  before  the  blow- 
pipe, sinks,  together  with  the  carbonate  of  soda,  into  the  charcoal,  and 
is  easily  reduced  to  a  metallic  j)owder,  which  may  bo  separated  front  the 
charcoal  by  pounding  and  levigation.  (Berzelius.) — 2.  A  stream  of  car- 
bonic oxi<le  gas  reduces  ferric  oxide  heated  to  redness  in  a  tube,  first  to 
ferroso-ferric  oxi<le,  and  afterwards  to  the  metallic  state.  (Gobell,  J.  pr, 
Chem.  6,  386;  Gm.)— Proust  {Scher.  g.  10,  113;  also  Gilb,  25,  16)  and 
Nassc  (Schw.  46,  73)  found  ferric  oxide  reduced  to  the  ntctallic  state  in 
a  pottery  furnace,  doubtless  by  the  action  of  carbonic  oxide  gas. — Proust 
also  found  that  ferric  oxide  was  reduced  to  ferroso-ferric  oxide  when 
ignited  in  crucibles  (into  which  the  carbonic  oxide  from  the  fire  could 
penetrate),  but  not  when  heated  in  a  coated  retort. — 3.  Hydrogen  gas 
acts  like  carbonic  oxide.  The  reduction  begins  somewhat  above  the 
boiling  ))oint  of  mercury.  (Magnus.) — Ammoniacal  gas  likewise  reduces 
ferric  oxide  to  the  metallic  state. — 4.  Ferric  oxide  ignited  with  sulphur 
yields  sulphurous  acid  and  sulphide  of  iron. — It  is  not  reduced  by  a 
boiling  solution  of  protochloride  of  tin.  (A.  Vogel.  Kasln.  Arch,  23,  85.) 

Comhinations,  a.  With  Water.  Hvdrated  Ferric  Oxide,  or 
Ferric  Hydrate. — Found  native  in  the  form  of  Broitm  Iron-ore,  ^e. 
Many  kinds  of  brown  iron-ore  appear  to  be  fonned  by  the  deposition  of 
hydrated  ferric  oxide  from  water  containing  ferrous  carbonate  in  solution, 
as  it  issues  out  of  the  earth  and  evaporates  in  the  air.  If  this  water 
gives  off  its  carbonic  acid  out  of  contact  of  air,  it  deposits  monocar- 
bonate  of  ferrous  oxide  in  the  form  of  Sp/nrroaiderite.  (Bischoff,  Schtv.  68, 
420.)  Much  hydrate<l  ferric  oxide  has  likewise  been  produced  by  the 
action  of  the  air  on  ferrous  carbonate  and  sulphide  of  irou. — Prepara- 
tion, 1.  By  exposing  iron  moistened  with  water  to  the  air  for  a  consi- 
derahio  time:  Iron-rust^  Crocus  Mart  is  apentlvus,  —  2.  By  exposing 
hydmte  or  carbonata  of  ferrous  oxide,  obtained  by  precipitating  green 
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vitriol  with  a  caustic  alkali  or  alkaline  carbonate  and  afterwards  washed, 
to  the  air  while  yet  moist. — 3.  By  precipitating  a  ferric  salt  with  excess 
of  caustic  alkali  or  alkaline  carbonate.  According  to  Berzclins,  the  ]ire- 
cipitate  thereby  obtained  always  contains  more  or  less  of  the  alkali  em- 
ployed.— The  native  hydrate  is  brown  or  yellow,  crystallized  in  thin 
tables^  capillary,  fibrous,  compact,  conchoidal  or  ochrey. — Iron-rust  and 
the  hydrate  obtained  by  (2)  are  yellowish-bruwn,  friable,  earthy  masses. 
The  hydrate  precipitated  by  ammonia  dries  up  to  a  compact  brown  mass 
having  a  shining,  conchoidal  fracture. —  If  any  of  the  looser  varieties  of 
the  hydrate,  either  natural  or  artificial,  are  gently  heated  (not  to  redness) 
8o  as  to  expel  the  water,  and  the  remaining  oxi(fo  is  then  more  strongly 
heated^  it  becomes  incandescent  without  further  loss  of  weight,  and  i  s 
afterwards  lees  soluble  in  acids.  (Berzelius.)  . 

There  are  several  varieties  both   of  the  native  and  of  the  artificia 
hydrate,  differing  not  only  in  external  appearance,  but  likewise  by  th© 
quantities  of  water  which  they  contain.       According   to  the  analytfes 
hitherto  given,  the  following  varieties  may  be  distinguishetl : 

a.  Fe'0',HO. — To  this  head  belong :  a.  Needle  iron  ore  from  Ober- 
kirchen.  (It  is  amorphous  with  Manganite  [IV,  203]  of  ijpecific  gravity 
4*32,  and  contains  10  percent,  of  water:  Breithavpt.) — h.  Gothite  {Pyro- 
sideritfy  Evbi/  mica)  from  Eisenfeld  iu  Nassau.  —  c.  Lepidokrokite  from 
the  Hollertenzug  in  the  Westerwald.  (In  a  specimen  of  this  mineral 
from  Hamm,  Breithaupt  found  14*32  per  cent,  of  water,  and  in  one  from 
Baden  13*49  percent.)  —  d.  Brown  Iron-ore  from  Saxony  in  pseudo- 
crystals  of  iron-pyrites.  According  to  Kobell  {J.  pr.  Chevi,  1,  181)  the 
brown  Haematite  from  Maryland  and  that  from  Beresof  have  a  similar 
composition.—^.  The  eame  from  Orenburg.  (The  so-called  mineral  hail- 
stones.) 

Kobell.  Hermann. 


a.  b,  c.  d.  €, 

Fe»0>    ....  78  ....  89-65  ....  90*53     ....  8635  ....  85-65     ....     86*34  ....  90*02 

HO   9  ....  10-35  ....  9-47     ....  11-38  ....  11-50     ....     1166  ....  10-19 

SiC ....  trace     ....  085  ....       035     ....       2*00 

CaO       ....         ....  ....  ....  trace  ....  trace 

MnW              ....  ....  ....  0-51  ....       2-50 

CuO      ....  ....  0*91 


Fe»C)5,HO  87  ....10000  ....  100-00     ....  100-00     ....  10000     ....  10000  ....100-21 

^.  2Fe*0',3HO. — a.  Fibrous  Brown  Iron-ore  or  Brown  llcematite  from 
Vicdessos. — 6.  The  same  from  Kamen^ik. — c.  The  same  from  Horhau.sen. 
According  to  Breithaupt,  brown  ha}niatite  contains  on  the  average  39-59 
per  cent,  of  water,  and  likewise  a  small  proportion  of  silica  which  remains 
as  a  gelatinous  residue  when  the  mineml  is  dissolved  in  acids,  and  a]>pears 
to  bo  an  essential  constituent  of  fibrous  brown  iron-ore. — d.  C(.nipact 
Brown  iron-ore  from  Pr.  Minden,  in  pseudo-crystals  of  iron-pyrites.  ^ 
e.  Iron-rust,  prepared  according  to  (I). 

Daubis-  Ko-  Schon- 

soii.  bell.  berg.  KobeU.       Borzclius. 

a.  6.  c.  rf.  '• 

2FirO»    156  ....  85-24  ....  82  ....  8338  ....     8227  ....     8221     ....     85*3 

3HO  27  ....  14-76  ....  14  ....  1501  ....     13-20  ....     13'26     ....     147 

SeO*  ....     1  ....  1-61  ....       4-50  ....      450 

Mii>0>  ' 


« •■• 


2Fe«0»,3lIO    183  ....10000  ....  99  ....  10000    ....  10003     ....  \ViVi  Viv\     .. .  W'.'^-^ 
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y.  Fe*0',2H0. — a,  Violet-brown  fibrous  brown  iron-ore  from  Raschan; 
sp.  gr.  3  34. — ft.  Tho  liytlnito  precipitated  by  animouia  from  ferric  hydro- 
clilorate  and  dried  at  100".  The  b^ss  by  ignition  may  arisie  from  a  (:mall 
quantity  of  ammonia  as  well  as  water.  — c. 'I  be  same  dried  in  the  sun 
(iho  compo&ition  of  this  nearly  corresponds  to  the  forumla  Fe'0^3H0}. 

Breithaupt.  Gm.  Berthier. 

fl.  b,  c. 

Tt^Cfi 78     ....     81-25        ...       80  3       ....  81-49  ....       72 

2HO  18     ...     18  75       ....       19-7       ....  18  51  ....       28 


FeH>»,2HO        96     ....  100-00       ...     lOO'O      ....     10000       ...     100 

^  According  to  Schaffner  (Ann.  P/iarni.  51,  117),  the  hydrate  obtained 
by  precipitating  bydit)(hb>rate  of  ferric  o.\ide  with  nnimonia,  contains 
89  74  p.  c.  ferric  oxide  and  10'26  water,  numbers  which  agree  with  the 
fonnula  Fe"0*  +  HO.  The  same  hydrate  is  also  formed  by  exposing 
ferrate  of  potash  to  the  air.  Acconling  to  Wittstein  (Buchner  s  Repni, 
43,  367),  hydrated  ferric  oxide,  when  first  ]>reclpitated,  contains  3  atoms 
of  water,  Fe'0^3H0.  and  in  that  state  is  easily  soluble  in  acetic  or  citric 
acid,  and  when  examined  by  the  microscope  presents  the  appearance  of 
an  amorphous  powder.  But  after  l>eing  kept  for  some  time  under  water.it 
acquii'es  a  crystalline  structure,  and  becomes  much  less  soluble  in  acids. 
In  this  state,  it  is  found  to  contain  half  as  much  H-ater  as  before,  being, 
in  fact,  composed  of  2Fe=0'..3HO.  t 

h.  With  Acids,  fonning  the  Salts  op  Ferric  Oxide,  or   Ferric 
Salts. — Per-nalts  of  Irrm. — The  affinity  of  ferric  oxide  for  acids  is  much 
less  than  that  of  ferrous  oxide.     Crystallized  and   ignited  ferric  oxide 
dissolves  very  slowly  in  acids;  the  hydrate  dissolves  easily.     Ferric  salts 
are  likewise  producetl  by  exposing  ferrous  and  fc*rroso-ferric  salts  to  the 
air,  or  by  heating  them  with  nitric  acid,  or  by  bringing  them  in  contact 
with  chlorine-water,  or  with  other  bodies  containing  oxyL'en;    also  by 
dissolving  iron   in  nitric  acid,   or  in  another  acid  mixed  with  nitric  acid 
and  heated. — The  dehydrated  salts  of  ferric  oxide  c(»ntaining  3  atoms  of 
acid  are  mostly  white;  the  hydrated  and  the  more  basic  salt^  are  generally 
brown  or  browiiish-yellow;  those  which  are  soluble   have  an  inky  taste, 
more  astringent  than  that  of  the  ferrous  salts.     They  give  olT  their  acid, 
if  it  is  volatile,  at  a  red  heat,  and  exhihit  before  the  blowpipe  all  the 
reactions  of  ferric  oxide.     One  atom  of  ferric  oxide  requires  3  atoms  of 
acid  to  form  a  normal  salt,  and  the  salts  thus  formed  are  for  the  most 
part  soluble  in  water,  and  when  dissolved,  redtlen  litmus.     Many  of  the^e 
solutions,  when  deprived   of  ])art  of  their  aci<l  by  an  alkali,  acquire  a 
darker  red-brown  colour,  an<l   if  HuKsequently  boiled,  deposit  hydrated 
ferric  oxide  or  a  ba^ic  ssalt.  (llerschel.  /'o//</.  2."),  fi28.)     The  ferric  oxide 
is  precipitated  in  greater  quantity  as  the  soluti«»n  i.s  more  dilute.     If,  for 
example,  ammonia  be  added  to  a  dilute  solution  of  a  ferric  salt,   till  the 
liquid  is  ]ierfectly  neutral,  ferric  oxide  is  deposited  on  the  application  of 
heat;  and  if  the  liquid  be  again  neutralized  after  cooling,   it  will  yield  a 
fresh  prei'ipitate  of  ferric  oxide  when  heated  — and  so  on,  till  all  the  oxide 
is  prcc'pitated.     The  complete  precipitation  of  the  ferric  oxide  may  be  at 
onceeflectcd  by  heating  the  iron  solution  to  the  boiling  ]>oint,  and  mixing 
it  with  dilute  ammonia  till  it  no  longer  red<lens  litmus,  or  till  it  acquires 
a  very  slight  alkaline  reaction;  un«ier  these  circumstances,  the  protoxides 
of  mangnneaef  nickel,  cobalt,  and  likewise  of  cerium,  are  retained  in  sola- 
tioa.    (Hencbel,  PhU.  Tram.  18*21,  293,  aXeo  Ann.  Cfum.  Phyt.  20, 


ti;  sWr.  Sehw.  33.  452.)  The  Golntloii  maj  alra  be  DentrnliKed  with 
itnsli.  Ihcn  lar?eiy  dilnied  nn<l  luiiled.  A  aolmion  of  the  aulphnle  i« 
«t  adapted  In  the  {mrpose,  bccaust'  lb e  basic  fuljih^ile  of  feme  oxi'Ie, 
rhich  \a  U  first  precipitated,  is  insoliible  id  water,  wlieieu  ilie  b:isie 
rdr<H'hlorat«  is  811^11117  gobble,  ami  the  l>:isia  nit»te  mare  eu.  (AI. 
I«erer,  Pogg.  49,  i,Q(i)  Metallic  iron  immer^il  in  ferric  »it«  iiruiected 
sm  the  ur,  convert*  lliem  into  ferrous  tolls :  e.  g. 
Po'a',.-JSt>'  +  Fe  ^  3(Fi.O,SO»>. 

be  nme  pffirct  is  produced  b_v  otlier  metals,  even  by  Bilvcr  a*  n  b^Hlinj 
«t.  wliernM,  at  ordinary  temperatures,  a  ferrous  unit  by  rontict  with  a 
irer-»ilt  ts  r«nverteil  into  a  ferric  salt,  hhJ  siivi-r  U  precipitnted  in  the 
FtalKe  !lnto  (I.  132) — Phosphorons  acid  converts  ferric  into  ferroM 
Llt^irith  formation  of  phosphoric  aci<l,  slcrwly  in  the  cold,  imnieiliiitvlj 
I  the  application  of  heat  (Berlhier,  Aikn.  Ckim.  Pktin.  50,  30.")  )  PIiob- 
inrie  oxide  fornnt  a  white  precipitate  with  hjrdrochlorate  of  ferric  oxide. 
reterrier.) — SulphuD)us  acid  reduces  ferric  salts  to  the  state  of  ferrous 
Its  with  grcsl  facilitv,  especially  if  the  solution  is  heated.    (A.  Vfigcl, 

pr  Ghrm.  29.  281.)  '  The  effect  obseried  by  H.  Phillips  {PkU.  Mng.  J. 

75),  timt  siilphnroiis  aci<l  imparts  to  ferric  mlphate  a  dffcp  red  eohmr 
lioh  disnppenre  in  a  few  honrs  witboiit  reduction  of  tlie  salt,  mast  ha 
tributed  to  the  pre#ence  of  nitrio  acid,  innsniucb  ai  he  used  jrreen  vitriol 
idixed  by  buiiing  with  aitrio  acid.  —  Protocliloride  of  tin  likewieo 
Jnces  ferric  to  ferrona  salts;  so  nlso  does  tritlitouic  iicid.  (Persoe.) — A 
lDt«  suJDtton  of  ferric  chloride  imports  a  blue  colour  to  an  alcoholic 
tation  of  piinc-rMin.  (Unverdorben  ) — Hydrosnlphnric  acid  converts 
Tic  salts  wbiuh  contain  one  of  thw  stronger  acids  into  ferrons  Baits,  with 
Kipitation  of  snlphnr.  In  a  solution  uf  Ujc  hydrocblor.Lie  but  not  ta 
R  acid  scutate}  a  small  qnantity  of  sulphuric  acid  is  prodoced.  even  in 
bcoid.  (H.  Hose,  i'rt?<7.  47,ICI.)  If  the  ferric  oxide  is  dissolved  in  a 
!&ker  acid,  snlnburetted  hydrogen  throws  down  a  black  precipitate  of 
drated  sestini  snip  bide  of  iron  ;  c.  ,7.,  from  tl«e  solution  of  ferric  oxide  in 
'  ' '  !  ncids,  such  as  acetic  acid,  wben  tbe  ncid  is  not  in  exoese;  or 
ilutinn  of  tbe  oxide  In  a  niinernl  ncid  mixed  with  acetate  of  sixla; 
of  tbe  iron,  however,  always  reniaiue  dissolved  in  the  form  of  ferroui 
ide.  (Wnckcnroder,  N.  Br.  Arch.  U,  UK.)  Alkiitine  hrdnwulphntei 
Kipitate  the  iron  completely — in  the  form  of  black  bydrated  seequi- 
phide,  if  the  iron-salt  is  jionred  into  sn  excem  nf  the  slkaline  hydro- 
})hnl»,  but  as  a  mixture  of  bydrated  se-qnisuipbide  and  sulphur,  in  the 
itraryease.  The  precipitated  sesquisnlpbide  i«  insoluble  in  excess  of 
I  alkaline  hydrosulpbate;  if,  however,  the  solution  is  very  dilute,  a 
all  Quantity  nf  the  sulphide  remains  dia?iilved,  imparting  a  ^'reen  o<diint 
the  liquid  [H.  Rose),  and  is  di^positeil  on  exposure  fiw  some  time  tn  the 
or  on  the  iidditon  of  bydrosulphllt^  of  aninionia.    (Wnckennxler.) 

!  preoipitalcd  sulphide  ncqnirrs  a  riiaty  brown  colour  when  exposed 
idio  air;  it  dissolves  easily  in  mineial  acids,  but  not  in  acet'u  add. 
'nckoriroder.) — An  aqueous  solution  etjnisining  nut  less  than  I  pan  of 
*i  100,000  parts  of  w.iier  jrives  a  black  precipitate  with  hytlrosul- 
■te  uf  ammoniu:  wilb  200,OIK)  |mrt»  of  water,  a  diirk  preen  mixture  is 
Minced;  with  ■400,000  i>i8.  a  (rreyish-jtreen;  and  witli  KOO.OOO  pU,  of 
iter,  a  greyish-green  rolour  after  a  ff»v  minutes.  A  pimilar  effect  is 
idnced  by  biliydrt.enlpbute  of  pottish.  (Roth,  Rrpn-t.  47,  3'is.)  Hvpo- 
pbite  of  soda  produces  wab  ferric  salts  a  bhickisli-rcd  c.ilonr,  wUieh 
apjnuB  in  a  few  hours,  the  feirio  salt  being  iQdu<»d  Iq  vVn  (vnoua 


Btate.  (Leni.  Ann.  Pharm.  40,  101.)  The  red  colonring  is  produced 
even  when  the  liquid  is  quite  free  from  nitric  ocii!,  and  it  aisappears  tn  ft 
few  eeconda.  (Gm.)  The  hydrate d  sulphides  iif  nianganeec,  cnbalt,  and 
nickel  throw  down  sesquisulphide  of  iron  from  a  eoluuon  of  ferric  hydro- 
chlorate.  (Anthon.) 

All  caustic  dkalia  lulded  in  sutficient  quantity  to  fetric  salts,  throw 
down  yellowish-tirewn  (lakes  of  bydraled  ferric  oxide,  which,  according 
to  Berzelius,  carries  more  or  leas  of  the  alkali  down  with  it,  and  i«  inso- 
luble in  exceBS  of  the  alkali.  ^  According  to  Schaffner,  hydrated  ferric 
oxide  precipitated  by  ammonia  is  perfectly  free  from  that  alkali,  so  that 
when  it  is  ignited  with  earbooato  of  lead-oxido  iu  a  tube,  the  gua  which 
escapes  parsed  into  hydrochloric  acid,  and  the  liijnid  afterwards  treated 
with  chloride  of  platinum,  not  a  trace  of  chloroplatinate  of  ammonium  n 
obtained. — According  to  WitlHt«iu,  hydrated  ferric  oxide  is  elightlj 
soluble  rn  strong  caustic  |«[a£li;  Schaffner,  on  the  other  band,  is  M 
opinion  that  the  oxide  supposed  to  be  dissolved  by  the  potash  is  merely 
in  K  stale  of  fiue  mechaniciil  tiuspension  %. — The  monocarbonatea  w 
ammonia,  pota«fa,  aud  eoda,  and  likewise  the  bicarliouales,  yield  the  same 
precipitate  ns  the  caustic  alkalis;  it  is,  however,  of  a  lighter  brown  colour 
(becoming  darker  on  boiling);  contains  a  small  quantity  of  carbonic  ncid; 
and  if  the  liquids  are  somewhat  concentrated,  dissolves  in  excess  of  the 
alkaline  carbonate,  forming  a  rcd~hrown  solution.  The  precipitate  is  not 
dissolved  on  passing  chlorine  gas  through  the  liquid.  (Wackenroder.) — 
The  carbonates  of  naryta,  lime,  magnesia,  manganous  oxide,  zinc-oZ)d<^ 
and  cuprio  oxide,  likewise  precipitate  ferric  oxide  completely,  even  at 
ordinary  temperatures;  any  ferrous  oxide  that  may  percbauce  be  present 
remains  dissolved,  unless  the  liquid  is  heated  to  the  boiling  point.  (Fucbs, 
Scha.  62,  184;  *.  Kobell.  J.pr.  Cfian.  1.  80.)  Carbonute  of  strontia  acU 
in  the  same  manner.  (Demarfay,  Ann.  Pharm.  11,  240.) — Phosphate  of 
soda  throws  down  white  phosphate  of  ferric  oxide  (even  to  the  fifteen- 
hundredth  degree  of  dilution :  Pfoff)  which  turns  brown  when  treated 
with  aniniouia,  and,  if  the  phos|)hato  of  soda  is  in  excess,  diasolrea  IB 
amnioeia,  forming  a  red-brown  solution.  —  Arseniate  of  soda  throws 
down  white  arsenjate  of  ferric  oxide  (even  when  the  solution  is  diluted 
20,000  times  :  Pfaff).—K  solution  of  ferric  hydrocblorate  mixed  wJUi 
acetate  of  soda  or  fonniate  of  potash,  deposits  the  whole  of  the  iron,  on 
boiling,  in  the  form  of  a  iireci])ila.te  which  re-dissolvea  as  the  liquid  cool^ 
or  on  being  washed  with  cold  water.  iLiebig,  jlnn.  Pharm.  17,  51.) — 
Alkaline  succinates  aud  benzoatcs,  gire  a  light  reddish-brown  precipi- 
tate with  ferric  salts  (up  to  the  5000lh  degree  of  dilution  ;  Pfoff),  provided 
no  excess  of  acid  ie  present. — Tincture  of  galls  imparts  a  bluish-black 
colour  to  ferric  ealts,  and  then  preci]>itates  them.  With  ferric  hydro- 
chlorate  the  precipitation  taJies  place  up  to  the  120,000th  degree  of  dila- 
tion (Pfaf)\  with  1  part  of  iron  in  200,000  parts  of  the  solution,  a  bluirfi- 
black  tint  is  still  produced;  with  1  pt.  of  iron  in  400,000  pts.  of  the  solu- 
tion, a  greenish  blue;  and  with  800,000  pt^.  of  water,  the  last- mentioned 
colour  apjwars  after  a  few  riinut*?H.  (Roth,)  The  limit  of  the  reactioD  'n 
attained  when  I  part  of  ferric  oxi-de  (in  ihe  state  of  sulphate)  is  cnntaioad 
in  300,000  pari*  of  the  solution.  (Hartig,  J.  pr.  Chem.  22,  51.)  If  th« 
iron-suit  contains  an  excess  of  one  of  the  stronger  acids,  no  precipitatton 
takes  place  uuleps  acetate  of  potush  is  added;  the  bluish-black  precipitnta 
dlHBohes  in  hydro<:hli.ric  acids,  and  acquires  a  dark  purple-red  colour  «l 
'^*'  ^*  addition  of  a  small  nuantity  of  ammonia. — Meconlc.  acid  and  alkoliiiflr 
BKwoflaf,.^  MJipurt  11  liriiji.t  red  c.iV>Hr  t>.  frrrlc  taltw.— Alkaline  iudigotawr 
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produce  tbe  same  effect  (Pfaff);  so  likewise  does  free  indigotic  acid.  (6m.) 
Hydrosulphocyanic  acid  and  soluble  sulphocyanidcs  impart  a  bloo<l-red 
colour  to  concentrated  solutions  of  ferric  salts,  and  a  reddish-yellow  to 
dilute  solutions.  This  colouring  is  produceil  in  solutions  of  scsquichloride 
of  iron  to  tlio  20,000tb  degree  of  dilution.  (Pfaff.)  1  part  of  iron  in  the 
form  of  scsquichloride  dissolved  in  25,000  parts  of  water  exhibits  a  red 
colour;  in  200,000  pts.  an  oranee;  in  800,000  a  very  pale  orange;  and  in 
1,600,000,  a  scarcely  perceptible  yellow.  Hydrosulphocyanic  acid  is 
therefore  the  most  delicate  of  all  tests  for  ferric  salts.  (Roth.)  The 
colouring  is  not  destroyed  by  hydrochloric  acid  unless  the  acid  is  in  very 
great  excess. —  Fcrrocyanide  of  potassium  added  to  ferric  salts  throws 
down  Prussian  blue.  The  effect  is  apparent  to  the  100,000th  degree  of 
dilution  (Pfaff);  with  1  pt.  of  ferric  oxide  (in  the  form  of  sulphate)  dis- 
solyed  in  420,000  pts.  of  water.  (Hartig,  J,  pr,  Chem.  22,  51.)— The  pre- 
cipitate is  insoluble  in  hydrocldoric  acid.—  Oxalic  acid  produces  a  yel- 
lowish colour  in  ferric  salts,  but  without  precipitation. — All  ferric  salts 
which  are  not  soluble  in  water  either  dissolve  in  hydrochloric  acid  or  are 
decomposed  by  it.  They  are  not  soluble  in  solution  of  sal-ammoniac 
(Brett.) 

IT  Ferric  salts  are  reduced  to  the  state  of  ferrous  or  ferroso-ferric 
salts  by  many  vegetable  substances,  e,  g,  fresh  grass,  the  green  branches 
of  trees  and  shrubs,  hay,  wood-shavings,  saw-dust,  peat,  and  coal 
effect  the  reduction  at  ordinary  temperatures;  sugar,  starch,  gum,  alcohol, 
turpentine,  and  shreds  of  paper,  at  a  boiling  heat.  (Stenhouse,  Ann, 
Fkarm.  51,  284.)  IF. 

Ferric  Acid.     FeOM 

Known  only  in  combination  with  certain  bases,  as  potash,  soda,  and 
baryta,  with  which  it  forms  red  salts  (sec  these  salts,  especially  Ferrate  of 
poUuk), 

Iron  and  Hydrogen. 

FermretUd  Hydrogen  Gas  / — Hydro^^cn  gas  prepared  by  dissolving 
iron  in  dilute  sulphuric  acid  contains  a  small  quantity  of  iron,  which  it 
deposits  after  a  while  on  the  sides  of  the  containing  vessel  in  the  form  of 
a  brown  powder.  (Thomson,  System  of  Chtmistry.) — If  the  gas  evolved 
on  dissolving  iron-wire,  filings,  or  nails  in  dilute  hydrochloric  or  sulphuric 
acid,  be  passed  through  four  buttles  lillcil  with  potash-solution,  and  through 
a  tube  filled  with  asbestos,  in  order  to  retain  any  iron  salt  mechanically 
carried  over,  it  still  retains  iron  and  a  small  quantity  of  })1iosphorus, 
although  when  passed  through  re-agents  for  detecting  iron,  it  exhibits  none 
of  the  usual  cluiracteri sties.  It  niudt  be  regarded  as  hydrogen  gas  con- 
taining small  quantities  of  ferruretted  and  phosphurettod  hydrogen. — It 
has  a  metallic  odour,  likewise  resembling  that  of  garlic.  When  ignited 
at  the  orifice  of  a  tube,  it  burns  with  a  flame  which  is  yellow  at  the  cir- 
cumference and  green  in  the  interior,  and  deposits  rusty  brown  and  often 
iridescent  spots  on  a  porcelain  capsule  held  before  it;  the  gas  prepared 
with  hydrochloric  acid  de])Osits  these  spots  more  abundantly  than  that 
obtaineti  with  sulphuric  acid.  The  snots  disa])pear  immediately  in  chlo- 
rine gas,  and  dissolve  in  nitric  acid,  forming  a  ferric  salt.  Strong  nitric 
»cid  through  which  the  gas  has  been  p&<ssed  for  aome  \\o\iT«,  \«  lo^w\  \» 


contain  nnall  qnantities  of  ferric  oxide  and  phovphoric  arid.  A<piMil« 
clilorinp,  iufiine,  and  br'unine  ileconipiiw  tlie  ipis,  and  txke  from  il  k  emOl 
i)u»iility  of  iron.  Kmm  aqueoUH  mlutioiia  of  niercunius,  silver,  and  tfold 
HiltH,  llie  gas  precipitates  tbe  respeciivc  inelala.  When  passed  ihmu(rli  a 
wilutiim  ofeorfouive  Hublininte,  it  throws  di>wB  a  white  or  yfllnwish-wliite 
precipitate,  anil  afterwarda  boms  with  a  pale -yellowish  Rame,  witUunt 
denoeitiny  Bpots  upon  porwlain. — The  ga,s  obtained  with  English  sieel- 
wire  is  somewhat  difTei'eiit.  Its  odour  is  more  empyreumatic,  but 
metallio,  nnd  nnt  all  like  garlic  [proliaMy  becnuso  it  contains  no  plioa- 
phorua].  It  bums  with  a  yellow  flame  without  any  mixture  of  green, 
forms  fewer  apot*  oti  pnrretain,  and  these  spots  have  more  of  tbe  motallio 
Bppeamnoe  of  iron.  The  bnnil  wlour,  whirh  perhaps  ari-es  from  th« 
prcaenee  of  a  hydro-earbon,  ia  not  destroyed  by  washing  the  gas  with  • 
solution  of  corrosive  sublimate  or  ailver-nitrate.  (Dopasinier,  Compt.  rend. 
14,  511 :  also  JV.  J.  Pkai-m.  1.  391 ;  also  J.  pr.  Chem.  26,  184.)— ^  Ao- 
conling  to  Schlossberger  &  Fresenius  (.4nn.  fArtrw.  51,  413),  Uio  spate 
which  this  so  called  fei-rnrctled  hydrogen  deposits  on  a  porcelain  plKta 
contain  not  a  trace  of  iron,  but  constat  of  certain  compounds  of  phospIiorttB, 
most  prububly  pliuaplioric  oxide  mixed  with  plinaphoric  acid  ;  they  Tolv 
til  M  with  tolerable  facility,  are  insuluble  in  hydmcbtoric  acid,  bnt  siiluble 
in  aqna-regift.  The  gas  from  which  these  spots  were  obtained  was  purified 
\n  paEsitig  through  two  wnsh-hottles  containing  distilled  water,  and  then 
through  a  tube  4  feet  long,  half  filled  with  moist  and  half  with  dry  cetbm. 
When  the  gas  tlins  purified  was  passed  thrnngh  a  solution  of  corrwsit« 
sublimate,  it  tlirew  down  a  copious  yellowisli-white  precipitatv,  whroh 
was  found  to  contain  mercury,  chhirine,  phosphorus,  and  sulphur,  bat 
not  tho  smallest  quantity  of  iron.  Heme  the  authors  conclude  that  the 
gas  evolved  by  tbe  notion  of  dilute  sulphuric  or  hydrochloric  acid  upon 
iron  ia  mixed  with  small  ouanttties  of  phosphuretted  and  eulphuretted 
hydrogen,  which  produce  the  rwwtiona  just  mentioned,  bnt  is  perfectly 
free  rjoni  iron,  and  consetinenily  that  ifu  exigence  of  ferruretted  hgdtpgm 
U  riot  eetablUlitd.  ^ 


Iron  and  Cabbos. 

A.  Gaubide  op  InoN. — Iron  enters  into  comhination  with  carbon: 
1.  In  the  reduction  of  iron-ores  by  eseeas  of  eai'hon  at  a  heal  reaching  tA 
the  inciting  piint  :  Catt-iron,  Irrm-atsnyii.  2,  When  iron  is  fused  ia 
Contnct  with  charcoal  or  diamond.  A  small  well-closed  irtm  crucible 
containing  a  diamond,  nnd  inclosed  in  two  well-covered  earthen  crucibles, 
fused  together  with  the  dinmrrad  nt  the  heat  of  a  blast-fiim»c«r,  atHi 
was  converted  into  steed,  (Horvean  &  Clouet.  Scher.  J.  4,  1*0;  nlao  GH^ 
3,  03;  Mackenzie,  Sehrr.  J,  5,  366.)  Charcoal  or  pTMphite  acts  upon  iron 
in  tlic  same  manner—^:  4kW  1(ftiHed  slowly,  and  only  to  the  softeaing 
point,  in  contni-t  leith  rarhonacenns  matter,  takes  up  carbon,  whidi.  gr%- 
Quallv  pctietrating  from  without  inwards,  converts  the  iron,  first  into  eMl, 
and  then  into  a  compound  similar  to  ca-'^l-iron  -.—Cfmenfation  of  inm. — 
If  tSe  ignition  is  not  continued  long  cnongh  to  complete  the  proceee,  ft 
nuttlens  of  softer  iron  remains  in  tbe  middle — This  union  of  iron  with 
carbon  tnkes  place  when  the  iron  is  surroundid  with  vegetable  or  animal 
ctta:cfial,  with  criHl-gas,  and  even  with  cast-iron.  Iron  snrronndeii  witk 
out  iron  turnings  ia  converted  into  a  steel  at  a  lower  red  beat  than  what 
A  a  JmnierBed  ia  cbarcoal  powdn,    OTa^\i\U  xinder  the  same  circun- 


f'WKnces  Jtieg  nnt  form  steel,  (Ganltier.  J.  Pharm,  13,  18.)     Aa  iron-wiie 

I  imnicnprf  in  inelrcd  MSi-iroti.  wliich  i«  kept  at  n  red  he.it  for  fnat  hoars 

I  "btlti  enJiilifi:-fttion,  is  fimtiil  to  be  Convcrteil  into  »tcc\.  (Uegen  ) 

I  Tlie  nutenniiHt  layer  of  iron  t.tke»  «j>  tlic  carbon  with  which  it  is  I'a 

I  toBtat-'t,  tninaferB  it  to  the  nexl  layer,  and  jo  on,  till  the  carboti  is  diase- 

I  ninftteij  tlit-onghont  the  whole  mass.     In  n  similar  manner,  iron  rich  in 

carbon  is  cnnverted  by  iguitinn  in  contact  vritb  air,  «,  g.  in  tlie  refining 

JiroceBB — into  wrooght-iron,  althongli  the  air  lioes  not  oonw  in  contact 

willi  nil  the  pnniclett;  the  carbon,  in  fact,  travela  from  within  iiBtvnrdA 

till  e^nilibriam  is  CBtahHehed.   {Bewelius,  Ja/n'Cg'tfr.  18, 160.) — The  atoms 

1  ef  iron  which  !ia»-e  combined  with  carbon  nt  the  surface,  tnrn  half-rouml, 

ft  give  D|)  their  carbon  to   the  iron-atoms   immediately  within,  lake   up 

K^nolher  portion  at  the  surface,— and  eo  iin,  till  the  two  substancHa  have 

■  ■{nnetrnted  one  another  completely.  At  a  red  heat,  the  iron  is  suHiciently 
I  .feoftened  to  allow  this  rotation  of  the  atoms,  (Becquerel.)  Degen  likewie* 
l%dmtis  the  probability  of  a  rnilvanic  movement  of  this  kind. — Le])l*y  & 
I  Iitinrent  suppose  that  the  carbonintioo  of  the  ii-on  is  dne  to  the  action  of 

■  fewlwnic  oxide  gas,  which  ia  produced  by  the  ignition  of  the  charcoal,  and 
penetrates  ilie  softened  metal,  giving  up  part  of  its  carbon  to  the  iron,  and 
betng  thereby  converted  into  carbonic  acid  gas.  At  all  events,  ihey  found 
thai  when  charcoal  and  iron  placed  in  two  separate  little  porcelain  b>iMt^ 
tnn  heated  to  whiteness  in  a  porcelain  tube,  the  iron  was  cnm-erted  into 
stc«t  enntaining  07  per  cent,  of  carbon ;  nevertheless,  ihcy  admit  that 
t&is  effect  might  be  due  to  the  carburetled  hydrogen  gas  evolved  from  the 
tilmrcoal,  especially  as  no  carbonization  of  the  iron  took  plac«  if  th« 
dwrDoal  had  been  very  strongly  ignited  before  the  experiment,  or  when 
pwvtarbonic  oxide  was  pRssed  over  red-hot  iron  —More  recently  Laurent 
Inu  put  forth  the  view,  that  the  carbon  volatilises  at  the  cementing  heal, 

Itad  penetrates  the  iron  in  the  form  of  vapour ;  and  moreover,  that  the 

nmiburetted  hydrogen  gas  evolved   from   fresh  wood-charooal,   and   the 

Rljanogcn  evolved  from  animal  charcoal,  may  likewise  contribute  to  th« 

Rtmrbonitation  of  the  iron.  fAv-n.   Chim..  Pkys.  65,   403  and  41Tl  also 

1^.  pr  Chm.  13,  284  and  29.5.)     The  obBervations  which  Laurent  n»idnce« 

Kd  (avonr  of  this  theory,  do  not,  however,  establish  the  volatiliaitton  of 

nsTfran  at  so  low  a  red-heat;  and  even  if  carhon  vapour  were  produced, 

tHie  carbon  would  be  deposited  from  it  only  on  tho  surface  of  the  iron,  and 

tanld    not  penctrnto  the    nietal    in   tho  gaseous  form  ;    for,    Lanrent't 

Essiimption  that  iron  when  softened  by  ignition  is  permeable  to  gases,  la 

contradicted  by  the  fact  that  bubbles  are  produced  in  ibe  interior  of  ^e 

iron    during  cementation — consisting  of  carbonic  oxide   gas  formed  in 

|i)acea  where  the  carbon,  as  it  penetrates  the  iron,  comes  in  contact  with 

•mlv-oside — iind  thete  bubbles  are  unable  to  escape  through  the  pores  uf 

tlw  iroB.  (Uegcn,  Ann.  Phai-m.  t9,  2il.) 

According  to  Kafslen's  obsier  vat  ions,  carbon  appeirs  to  exist  in  W)m- 

th  iron  in  three  different  ways  :  1.  Combined  with  the  wliole 

«r   the    iron    linm  completely  saturated   with    carbon  at  the   nicltini^ 

'  ft(ArtnppearatobeFe'C);-  2,  Combined  with  part  of  the  carbon,  farming 

|.|iir-eaVhtdo  of  iron,  FeC,  which  eomponnd  is  diffused  thronghnnt  the  rest 

6  iron; — 3.  In  the  free  slate,  forming  lamina;  of  grnphite. — bein^.  in 

1.  carbon  free  From  iron,  st-parated  by  slow  cooling  from  a  ma«s  of  iwrn 

■ith  carbon  at  the  melting  Iieal. — Tho  more  iiniokly  irwn  eom- 

rairlum  is  cooled  after  fusion  or  ignition,  the  (rreater  is  th« 

cttrhin  (vhtch  remains  combined  with  the  whole  of  the  iron; 

»uli»^,  ^e  greater  is  the  quantity  ol  FeC  fioiiw^— « 
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the  iron  haa  l«en  more  fully  sataiated  wilh  carbon  at  the  melting  p(^^^l^— 
ae  in  the  cose  uf  cast-iron — the  greater  is  tlie  amount  of  carbon  wh'icb 
separates  completely  tn  graphite-)  ami  Die.  Heucc,  the  proportiea,  and  in 
fuuticnlar,  the  hardness  of  carhuretted  iron,  depend  not  merely  on  the 
proportion  of  carbon,  but  more  especially  also,  on  the  pecaliar  manner  in 
which  that  substance  is  combined  with  it.  The  greater  the  quantity  of 
carbon  in  combination  with  the  whole  of  the  iron,  the  harder  is  the 
compound,  and  the  more  completely  does  it  resist  rusting  and  tlie  uciiun 
of  Bcida. 

The  three  states  of  the  carbon  in  carburetted  iron  may  bo  d:8tin- 
piiehcd  by  the  appeariinces  presented  on  treating  the  compouml  with 
acids  : 

1.  Carbon  in  combination  with  the  whole  of  the  iron.  During  the 
solution,  especially  of  rapidly- ctio led  sleel  and  white  pig-iroii,  an  offenaire 
kind  of  hydrogen  gas  containing  curbou  is  evolved,  and  a  volatile  oil  and 
a  bronn  mouldy  Eubstance  are  produced.  The  hydrogen  gas  derives  ita 
carbon  and  its  odour  principally  from  the  Tolatile  oil,  part  of  which, 
however,  remains  behind  with  the  mould,  and  is  not  completely  eipelled 
till  after  long  boiling  with  the  acid.  [Whether  the  hydrogen  gas  likewise 
contains  carbon  in  another  form  of  combination — r. ,?,  as  uiarsh'gns,  as  is 
oometimes  supposed — is,  in  my  opinion,  not  established  by  any  definite 
experiment;  on  the  other  hand, according  to  ProUHt(i\^.&«A/,  3, 3do)  I  volume 
of  the  gas  evolved  by  cast-iron,  although  lieavier  than  air,  consumes  only 
half  a  volume  of  oxygen  when  detonated  with  2  volumes  of  thai  gas, — pro- 
bably because  the  oily  vapour  remains  unbumt.]  The  mould  forms  a  black- 
brown  porous  mass,  which  after  washing  and  drving,  dissolves  in  polaah, 
forming  a  Lla^k-brown  Eolation,  and  when  heated,  burns  with  an  odour  of 
peat,  without  leaving  any  ferric  oxide.  The  formation  of  the  oil  appears 
to  depend  npon  this  circumstance,  that  while  the  iron  combines  with  the 
oxygen  of  the  water,  part  of  the  hydrogen,  while  in  Ike  nateeut  ttaltr 
unites  with  a  portion  of  the  carbon  which  was  in  combination  with  the 
whole  of  the  iron,  and  produces  the  oily  substance.  In  the  formation 
cf  the  mould,  not  only  hydrogen  from  the  water,  but  likewise  a  portion 
of  the  water  itself  {or  its  elements)  appears  to  unite  with  another  part  of 
the  carbon  which  was  combined  with  the  whole  ma^  of  iron,  and  thereby 
convert  it  into  mould. — When  nitric  acid  or  aqua-regia  is  made  to  act  on 
hardened  steel  or  white  pig-iron,  no  oil  is  formed,  and  instead  of  the 
block-liruwn  mould,  a  red-brown  substance  of  similar  character  is  formed, 
which  partly  dissolves  in  tho  nitric  acid  liquid,  imparting  to  ita  brownish- 

{ellow  colour.  This  red-brown  mould  is  probably  distinguished  from  the 
lack-brown  by  containing  one  of  the  oxides  of  nitrogen,  and  perhajw 
also  by  a  larger  proportion  of  oxygen, 

2.  FcC\  When  dilute  sulphuric  or  hydrochloric  acid  acts  npoa 
slowly  cooled  bar-iron  (nhicli  always  retains  a  small  portion  of 
carbon)  or  on  slowly  cooled  steel  or  on  grey  pig-iron — the  action  not 
being  allowed  to  go  on  tuu  long — there  remains  (besides  the  mould,  wbi<^ 
uiay  be  dissolved  out  by  i-auetic  potash),  a  graph  lie- like,  bnt  magnetic 
mass,  which,  if  burnt  after  wasbing  and  drying,  leaves  from  82  to  94  per 
cent,  of  ferric  oxide,  and  is  probably  therefore  FeC.  (Karaten.) 
[F«C=27 4-16=45;  consequently  100  parU  of  it  contain  6087  per 
cent,  of  iron,  and  these  yield  86-96  p.  c.  of  ferric  oxide.]  Bromeia 
doubts  the  existence  of  FeC  in  c&rburetted  iron;  at  all  events,  he  remsrka, 
whea  this  carhuretted  iron  is  dissolved  in  acids,  the  residual  gtaphlts 

ohen    coataioe  very    variable   qnantitieB  ol  wonj  aometimes,  boweror, 
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beciDse  the  action  of  the  acid  has  not  beeu  continued  long  enough; 
sometimes  from  admixtore  of  phosphide  or  silicide  of  iron  with  the 
graphite.  But  why  shouhl  the  graphite,  in  which  the  presence  of  iron  is 
stated  to  be  merely  .accidental,  be  converted  by  the  continued  action  of 
hydrochloric  acid  into  black-brown,  and  of  nitric  acid  into  red-brown 
moold  ? 

3.  Graphite.  Remains  undissolved,  together  with  FeC*,  when  grey 
pig-irou  is  dissolved  in  acids.  —  In  consequence  of  the  separation  of 
mould,  FeC^,  and  graphite,  a  dark  spot  is  produced  upon  carburetted  iron 
hj  the  action  of  acids,  especially  of  nitric  acid. 

a.  Bar-irofiy  Refined  Iron,  Malleable  Iron,  Wrought  Iron. — All  iron 
manufactured  on  the  large  scale  contains  a  certain  portion,  not  exceeding 
0*5  per  cent,  of  carbon,  which  gives  it  greater  solidity  and  thereby 
nmders  it  better  a<]apted  for  the  majority  of  purposes,  burnt  Bar-iron 
is  the  only  variety  that  is  free  from  carbon.  Soft  bar-iron  contains  less 
than  bard.  Bar-iron  is  distinguished  from  steel,  which  is  richer  in 
carbon,  by  not  becoming  brittle  or  sensibly  harder  when  rapidly  cooled 
in  water  after  ignition. 

In  very  dilutejhydrochloric  or  sulphuric  acid,  bar-iron  dissolves  very 
dowly,  leaving  black,  magnetic,  graphite-like  FeC\  which  is  converted 
hy  nitric  acid  into  brown  mould,  takes  fire  even  below  a  red  heat,  and 
harnB  without  leaving  a  residue.— Stronger  sulphuric  acid  leaves  traces 
of  easily  inflammable  charcoal.  Strong  hydrochloric  acid  dissolves  bar- 
iron  without  leaving  any  residue.  [Is  all  the  carbon  evolved  in  this  case 
in  the  form  of  oil '?  j — Cold  and  very  dilute  nitric  acid  forms  red-brown 
mould,  which  dissolves  on  the  a})piication  of  heat,  imparting  a  brown 
colour  to  the  liquid.  (Karsten.) 

Analyses  of  Bar-iron.  Acconling  to  Gay-Lussac  and  Wilson 
{^' Quart.  J.  of  Sc.  7,  203;  also  Jahresber.  11,  128). — a.  Best  bar-iron 
from  Sweden.—^.  The  same.— c.  Bar-iron  from  Creusat. — d.  From 
Champagne. — e.  From  Berry.—/.  Cold-short  bar-iron  from  Moselle.  In 
100  parts: 

a.  b.  c.  d.  e,  f. 

C 0-293     ....     0-240     ....     0-159     ....     0193     ....     0-162     ....     0-144 

^  ..« 0077     ....      trace     ....     0'412     ....     0"210     ....     0177     ....     0-510 

S»     trace     ....     0-025     ....      trace     ....     0*015     ....      trace     ....     0*070 

"Jn  trace     ....      trace     ....      trace     ....      trace     ....      trace     ....      trace 

Amaunt  of  Carboii  in  Bar-iron.  a.  Soft. — 6.  Hard. — c.  d.  e.  Three 
aifferent  varieties,  produced  from  white  pig-iron  by  the  Swabian  method 
jftefininff. — /.  </.  A.  Three  varieties  produced  from  various  kinds  of  pig- 
!f^  hy  the  Mugdesprung  method  of  redniug.  The  samples  c  to  h  are 
^'^  the  Bernburg  works.     In  100  parts: 

Karsten.  Rromei.s. 

a,  b,  c.  d.  e.  f.  g.  h, 

SfmbiBedC  0*238  ....  0*354  ....  038  ....  0104  ....  0237  ....  0-66 

"«eC 0*080  ....    trace   ...  002  ....  0220  ....  0*260  ....  trace 

^«il 0*2  ....  0-5  ....  0^318  ....  0*354  "..."b-'40  ....  0"324  ....  0*497  ....  0-66 

J^meis  {Ann.  Pharm.  43,  241)  determined  the  total  amount  of  carbon 
V  hnming  with  chronuite  of  load  or  chlorate  of  potash;  the  free, 
**chanically  combined  carbon  or  graphite  was  estimate*!  by  dissolving 
"•ba^iro^  in  hydrochloric  acid  and  determining  the  quantity  of  carbon 
stained  in  the  insoluble  residue.     [Could  grapb'ito  i(»\\y  \><^  o\k\AlvDk»^ 


206  I90N, 

from  bar-iron  containing  so  small  a  quantity  of  carbon,  or  did  the 

imsoluble  residue  nut  rather  consisit  of  Kuisteu'a  FeC^  ?] 

b.  Steel,     Fre/ja ration. — 1.  Romjk  Sted,  Refinery  Steel,  Xafural Steely 
(Frischstahl,  liohstahl,  SaturHchtrr  Stahl.)     The  iron  from  which  rough 
steel  id  made,  is  pig-iron  containing  but  few  foreign  admixtures  besides 
carbon  and  manganese.     It  \h  refined  by  exposui'e  to  the  blast  under 
charcoal,  as  in  the  refining  of  iron;  but  the  oxidation  is  stopped  at  a  less 
advanced  stage,  so  that  the  foreign  metal.*^,  and   tlnso  only,  may  be 
almost  completely  oxidized,  while  a  portion  of  the  carbon  may  remain 
unburnt  and  in  cumliination  with  the  iron.     As  soon  as  the  mass  becomes 
somewhat  malleable,  it  is  formed  into  flat  bars  under  a  series  of  hammers 
continually  diminishing  in  size.     To  obtain  a  uniform  distribution  of  the 
carbon,  the  plates,  after  being  cut  into  lengths  and  made  up  into  bundles, 
are  welded  together  and  then  formed  into  bars:  Shear-steel.  {Gerbstahl,)—' 
2.  liar-stee/y  Ctitientation-nttel,  Very  pnre  bar-iron  in  the  form  of  thin  bars 
is  enclosed  in  boxes,  troughs  or  pots  filled  with  charcoal  powder,  and  krpt  at 
a  red- heat  for  5  to  8  days.  The  carbon  gra<lually  penetrates  the  iron ;  where 
it  meets  with  scale* oxide,  it  forms  carbonic-oxide  gas  and  raises  the  iron 
in  blisters:  Blistered  sterl.     If  the  cemont;ition  is  continued  too  bmg,  the 
meUil  fuses  together  and  forms  cast-iron,    y^ Buttery.)     Or  coal  gas  i^ 
passed  over  bars  of  iron  heated  to  redness  in  a  cast-iron  tube  coated  with, 
clay,  whereby  carbon  is  transferred  from  the  gas  to  the  me:al.     When  ^ 
sufficient  quantity  of  charcoal  has  entered  into  combination  with  the  iron, 
the  igniti(m  is  continued  for  some  time  longer,  without  passing  any  moro 
gas  over  the  metal,  in  order  that  the  carbon  may  difluse  itself  uniformly. 
If  the  gas  is  allowed  to  act  too  long,   the  steel  fuses  into  casit-iron. 
(Mackintosh,  J,  pr.  Chem.  2,  333.)— 3.  Cast-steel,     Bar-steel  is  fused 
under  a  layer  of  pounded  glass,  sometimes  without  charcoal  (Buttery; 
Schw,  35,  330),  sometimes  with  1  or  2  per  cent,  of  charcoal  added.     In 
this  process,  the  steel  probably  takes  up  small  portions  of  aluminum  and 
silicium  from  the  crucible. — 4.  Iron  fused  at  an  intense  heat  with  2  per 
cent,  of  lamp-black  yields  good  steel.  (Brcant,  Ann.  Chitn.  Phys.  24,  388; 
also  Schw.  40,  205.) — o.  The  Inclian  Steel  or  Wooz,  which  is  distinguished 
by   extraordinary   hardness,   and   by   the   damasked   surface    which  it 
acquires  when  acted  upon  by  acids,  is  said  by  Faraday  and  Stodart  (Gilb, 
66,  160)  to  contain  very  small  quantities  of  aluminum  and  sometimes 
also  of  silicium,  and  may  be  imitated  by  fusing  the  carburetted  iron  d 
(p.  217)  with  ahiniina,  and  then  fusing  1  part  of  the  carbide  of  iron  and 
aluminum  thus  obtained  with  from  8  to  17  parts  of  cementation -steel. 

Propt-rtin. — Somewhat  whiter  than  iron.  When  red-h(»t  or  melted 
steel  is  tilowly  cooled,  it  becomes  soft,  though  somewhat  harder  than  iron, 
and  exhibits  a  granular,  indented,  and  somewhat  shining  fracture.  The 
tenacity  of  slowly  cooled  steel  is  to  that  of  bar-iron  nearly  as  13  :  10. 
Its  granular  texture  is  not,  like  that  of  iron,  converted  into  the  fibroas 
by  rolling  and  iianimering.  (Karsten.)  The  fracture  of  unhardened  steel 
is  fiue  grained;  that  of  steel  which  has  once  been  re-melted /j^rw,  but  not 
hardened,  is  still  fine-grained  and  whiter  than  before.  (Klsner.)  On  the 
contrary,  wh{»n  red-hot  or  melt<>d  steel  is  suddenly  cooled,  as  by  immersion 
in  water — which  process  is  called  Uardeninq — it  becomes  much  hardcri 
more  elastic,  and  more  brittle  than  iron,  the  hardness  increasing  with  the 
proportion  of  carbon.  The  fracture  of  hardened  stei'l  is  more  lustrous,  con- 
choidal,  and  smooth,  and  of  a  lighter  colour,  but  still  appears  fine-grained 
when  examined  with  a  magnifier.     Notwithstanding  its  great  hardness 


it  tniy  be  cat  thnougb  by  a  npiilly  rotating  t 
'aittr  Incomes    leas    atrnogly  iieaietl 


loft  iron  disc,  because  tlia 
ftlL'cl  is    bardenvil  arior 

.p ,  _  „ eil  trattiire,  Binl  lias  but 

'itilo  hariTuess  or  tenacity.  (KarBlen.)  The  fracture  uf  LanJeneii  oaal- 
•Ceel  ia  very  G])c-gTain«(l;  that  of  cast-fteel  wiilcli  liua  been  ouce  re-m»lted 
"'*!  hwdencJ  U  very  dense  und  uuif.inn.  (K.lsner,  J-  pr.  C/-rm.  lO,  1 10.) 
"ttrckned  cost-steel  isliarder  tbna  other  kitiila  tiaJ  takes  a  Ix^lter  polUb. 
Hardened  steel  nbeii  heated  to  reilness  nod  slowly  cnoled,  is  recun- 
''©Mcii  into  soft  steel.  Hence  by  alternate  exposure  to  qaitW  and  elow 
pooling  ufier  igoltiun,  steel  may  be  rendered  either  bard  or  soft.  When 
''^•■■icned  steel  is  raised  to  a  tenineralure  short  of  redaeBs,  it  loses  so 
'<*Qvh  the  more  of  its  hiirdoess  ana  brittleness  und  approaches  so  muck 
the  muie  nearly  to  nnhardencd  steel  as  the  temperature  U  higher : 
'*vti>tring  of  Utttl. — Accor<liiig  to  Karsten's  view,  the  hardness  of 
''*|>i'lly  cooleil  steel  arises  from  the  carbon  which  it  contains  being  com- 
"'O.d  with  the  wbule  of  the  iron.  When,  on  the  contrary,  the  steel  is 
^c>wly  cooled,  the  greater  portion  of  the  carbon  unites  with  a.  portion 
?*ily  uf  the  iron  and  forms  FeC,  whiclj  remains  intimately  mixed  with 
Ton  eriutaining  less  carbon  and  therefore  soft,  it  ia  only  when  steel  is 
^ery  ricb  in  ciiibon  that  a  portion  uf  that  element  probably  separates  oat 
'u  the  form  of  graphite,  on  slow  cooling. 

Specific  gravity  of  ordinary  steel,  7793;  of  hardened  cast-steel, 
t-OnH;  of  cast-steel  not  hardened,  7-92SS;  of  cast-steel  which  has  been 
I  one*  re-melted  per  <« — in  tbe  hardened  state,  7-617 — in  the  nnliardened 
L  "aw.  «-«tlS!3  (Eisner);  of  Wool,  7-6GJ.  (Faraday  &  Stodart.)— Hardened 
tButsteel  fuses  at  2403^0.;  softer  cast-steel  at  2aiV.  (Degen.)  Tbe 
^wal  sit  which  steel  can  be  welded  is  lower  than  the  welding  heat  of  bor- 
Bpoa;  the  melting  point  of  steel  ia  also  much  tower  than  that  of  bar-iron, 
Hbt  bigber  tlian  that  of  cast-iron,  being,  in  fact,  lower  as  the  proportion 
Bf  Cktoon  ia  higher.  Many  kinds  ol  steel  cannot  be  welded,  because 
HBieir  melting  point  is  too  close  to  the  temperature  required  for  welding. 
^nEuBteD.)  Cust'fiteel  cannot  be  welded  with  iron,  because  at  the 
^Bslding  beat,  it  crumbles  under  the  hammer,  like  sand;  nevertheless  it  ia 
Hgr  BO  means  more  fusible  than  ccni entatiou-rteeh  (Buttery.) — Steel 
■K^ttireg  the  magnetic  power  let>s  easily  than  iron,  but  retains  it  mueb 
BnoTe  strongly. 

Bt  AmuMnl  of  carbon  in  Steel,  in  100  jiarte  :  Rough  Steel  123. ..2-3 
^DEuvieti); — Softest  bar -steel  approaching  most  nearly  to  bar-irun,  at  least 
HbV  (Karsten)j— harder  bar-t-ttel  13  175  (Karsten); — while  bur-sieel 
■mb  Elberfeld,  O'lUQ  (0  416  combined,  USO  in  tbe  form  of  graphite,  vu/. 
K  SU«)  (B^'nleis)i— English  bar-steel  I  el  (und  U'l  silicium)  (BerihierJ; 
K-cui^lecl  1-<J6  (and  o  I  silicium)  (Berthier);— soft  English  cost-Tteel 
■^433; — o^li^a^y  lU; — harder  111; — hardest  107  (Musbet); — best  cast- 
Kkel  from  Shtlbeid  1'70  (0*85  combined,  0  22  free  [ihere  is  an  error  ia 
H^»ae  nuiubers])  (Bromi-is); — Rhenish  cast-slcel  1  2U7  (1157  combined, 
B-UO  free)  (Bromcis);— ea«t-stfel  2H  to  30  (Karslen);  caat-steel  i'738i— 
WgU  Mine  after  being  once  re-uieltcd  fi'-r  »e  in  a  covered  crucible  1-57(0 
^UoUger  5c  Elsuerj; — Hausmann's  steel  1-33  (and  I)  U3  ailioum)  ifier- 
MjliM);— WoM  1  '3(HuJ(i'6  silicium)  (Bertbier).— According  Lo  Clouel,  st«el 
Bya tains,  on  ibe  average,  3*1  per  cent,  of  carbon;  according  to  VaiKjuebo, 
H|T1.  In  French  steel,  Vnuuuelin  likewise  found  small  quantities  ut  sill' 
Kuin  and  pbo.plmrus.  Gay-Lusa.ic  «(  WiUon  (A'.  Quaii  J  o/Se.  7,  20*) 
Hwttnd  in  the  beat  English  cast-steel,  prepared  from  Swedish  iron,  0'G:i3 
^Bor  c«uc.  carbon,  0  03  silicium,  and  a  trace  of  manganese;  In  oa*t-ile«t  Irou 


I 


"Wjuire  n  (lam^ked  surface, — probably  because,  is 

't^c-l,  it  cuut&iDE  It  mure  higbly  carbuaized  or  aluminiferous  variety,  1 

cryelalllies  in  solidifyiug,  and  bj  continacd  forging  is  Turiously  diosemi- 

"aieJ  through  tbe  roat  of  tho  steel;  and  this  latter  variety  being  lees 

attacked  by  the  nitric  acid  remains  whiter  than  the  rest. — Perfectly  har- 

'Icncii  steel  immersed  in  cold  nitric  acid  of  specific  gravity  I'S,  colours  it 

bruwn.jed,  with  a  alight  evolution  of  nitric  osido  gas,  and  gradual  sepo- 

l^tiuD  of  black,  metaOic-sbining,  non-magnetic  flakes,  which  bam  without 

'*«viiig  any  residue  of  ferric  oxide,  dissolve  in  caustic  potash  forming  ft 

I^Wk-browu  solution,  and  by  continued  action  of  the  acid  are  couverted 

'oto  a  brown-red  powder.     If  the  acid  is  heated,  the  same  effects  are  pro- 

^ii«cil,  but  mure  i|uickly  and  with  coiiBidemble  fruthiug.  (Karsten.) — 

*tee)  which  has  not  been  hardened  dissolves  very  rapidly  in  strong  nitrio 

*viii,  imparting  to  it  a  brown-red  colour,  due  to  dissolved  mould,  part  of 

'hicli  substance,  howcvi^r,  remains  undiHsolved  in  tbe  form  of  a  brown-red 

Powder.     Previously  to  the  formation  of  thia  mould,  graphite-like  laminm 

{probably  consisting  of  FeC')  are  separated,  and  these  when  burnt  leave 

fr«m  m  to  04  per  cent,  of  ferric  osi.lo  (vid.  p,  205).     When  steel  which 

f*^  been  slowly  cooled  is  treated  in  this  manner,  tbe  laminra  are  converted 

'?t«  red-brown  mould,  at  the  very  moment  of  separation. — Soft  cementa- 

^.'<»ii-«[**l  dissolvea  very  slowly  in  dilute  nitric  acid,  yielding  no  graphite- 

'*Ke  I.iminie,  but  only  red-brown  mould,  which  takes  fire  even  below  a  red- 

^*»t.     Casl^steel  diaaolvea  still   more    slowly.    (Karsten.)— Dilute  8ul- 

I'Quric  or  hydrochloric  acid  dissolvea  steel,  with  evolution  of  fetid  hydrogea 

S^  containing  an  oily  vapour,  and  separation  of  a.  graphite-like  substance 

b>robabiy  FcC]  which,  by  continued  action  of  the  add,  is  converted  into 

Mack'brown  mould. — Hardened  steel  immersed  in  dilute  eulphnric  acid 

•"Jcomes  covered  with  a  small  quantity  of  a  black  metallic  powder;  uu- 

utrdenedetecl,  in  theaame  time,  with  cigltt  times  aa  much  of  a  grey  powder, 

*liich  is  soft,  coherent,  and  may  be  cut  with  a  knife,  and  appears  to 

tonaist  of  carbide  of  iron, — inasmuch  as,  when  exposed  to  the  air,  it 

cl>ango«  colour  in  consequence  of  tho  iron  becoming  oxidated.     By  coa- 

tinued  boiling  with  the  acid,  it  is  converted  into  a  black  powder  [mould] 

tbe  came   as  that  produced  by  hardened  steel.     This  substance,  wheu 

I'Wled  in  tlie  air  to  temperatures  between  150°  and  200",  bums  like 

I k {lyrojpborus,  emitting  a  large  quantity  of  smoke;  at  higher  tempera- 

HHnB  It  burns  like  asphallum,  with  a  bright  flame,  leaving  a  residue  of 

■hrroM-ferrio  oxide;    it  is  likewise  completely  soluble  in  boiling  nitria 

Kid  (Faraday  &  Stodart,  Oilb.  72,  25S.) — Thoroughly  hardened  steel 

Hlnolres  very  slowly  in  dilute  sulphuria  or  hydrochloric  acid,  becoming 

Hnrered  in  tbe  course  of  a  few  days,  with  black-brown  mould,  which  is 

Bwrefted  by  nitric  acid  into  brown-red  mould.     Stronger  sulphuric  acid 

B'lten  moderately  heated  also  leaves  a  residue  of  black-brawn  mould,  but 

Baling  concentrated  sulphuric  acid  dissolves  tbe  steel  completely,  (Kar- 

B|*B.)     [Does  the  whuto  of  the  carbon  in  this  last  case  go  ofT  in  tbe 

Bpnn  oi'oil  or  of  gaseous   carburetted    hydrogen  11 — Unhardened   steel 

^ubibita  with  dilute  sulphuric  or  hydrochloric  acid  the  same  elfects  as 

Vfooght  iron;  excepting  that  it  dissolves  much  more  slowly,  and  leavea 

Hi  more    abundant    graphite-like    residue.  [FeC^J      Stronger  eulphorie 

Birid  dissolves  soft  steel  with  tolerable  rapidity,  causing  a  separation  of 

^Biniag  lamins  (FeC)  which  are  afterwards  converted  iulo  biack-brown 

iBBiald.  (Karsten.)     If  the  acid  be  quickly  poured  olf,  before  this  couver- 

■Son  hns  proceeded  to  any  considerable  extent,  and  tho  mould  already 

^■med   bo  extracted   witb   oauetio   potash,   magnetic  laminto    are   left. 
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wliicli  rotain  their  inet4i11io  aspect  under  water,  but  lose  it  in  the  idr,  %nd 
are  ({iiickly  coiivertc<l  into  iiioiiM  ])y  the  action  of  acids.  (Karsten.) 

Steel  may  ho  niAdo  to  unite  with  several  metals  by  fusion.  Many  of 
those  metals  united  with  it  in  very  small  quantity,  render  it  harder  and 
more  brittle.  If  the  other  metal  is  more  electro -negative  than  the  steel, 
and  partly  separates  out  in  fine  particles  as  the  metal  cools,  the  steel  is 
thereby  rendcre*!  more  liable  to  rust.  Moreover,  all  these  alloys — ^parti- 
cularly those  which  do  not  contain  too  much  plntinum^-disengage  a 
larger  ijuantity  of  hydrogen  from  dilute  sulphuric  acid  in  a  given  time 
than  jHire  steel,  doubtless  Ix^eause  a  portion  of  the  more  electro-negative 
metal  is  laid  Imre  bv  the  first  action  of  the  aeid,  and  then  accelerates  the 
solution  of  the  iron  by  galvanic  action.  Pure  steel  dissolves  most  slowly 
of  all  in  sulphuric  acid;  then  follows  that  which  is  alloyed  with  smaU 
quantities  of  chromium;  then  with  silver;  then  with  gold;  then  with 
nickel;  then  with  rhodium,  indium,  or  osmium;  then  with  palladium; 
and  lastly  with  platinum.  The  alloy  of  steel  and  platinum  gives  with 
sulphuric  acid,  in  a  given  time,  100  times  as  much  hydrogen  ga.s  as  pure 
steel;  oven  j^^-  platinum  is  sufiicient  to  produce  this  effect,  but  with 

7^77 j*-y  the  action  is  still  stronger.  (Fannlay  ScStodart,  Phil.  Trattf, 

1822,  253;  also  Gifh.  72,  225.}— The  greater  hardness  which  steel 
ac<juires  by  fusion  with  these  niotals  appears  to  result,  not  so  much  from 
thrir  presence  as  from  the  additional  fusion  to  which  the  steel  must  bo 
subjected  to  form  the  alloy;  at  all  events,  silver-steel  exhibits  no  greater 
hardness  than  steel  which  has  been  re- melted  per  sej  vid.  silver.  (Eisner, 
J,  pr,  C/iem,  20,  110.)  Iron  free  fnmi  carbon  may  indeed  be  rendereti 
harder  by  combination  with  phoHphorus,  sulphur,  arsenic,  &c.,  but  such 
comjiounds  do  not  harden  by  sudden  cooling,  or  at  all  events  but  slightly. 
(Karsten.) 

c.  Ordinary  Pig-iron;  Cast-iron. —  Obtained  by  the  reduction  of 
native  iron-oxi<los  by  means  of  charcoal  or  coke  m  the  blast-furnace 
(p.  lO'fi).  It  contains  more  carbon  than  steel,  and  is  besides  contami- 
nated with  various  substancos,  particularly  phosphorus,  sulphur,  arsenic, 
manganese,  molybdrniini,  vanadium,  chromium,  copper,  calcium,  mag- 
nesium, aluminum,  and  siliriuni. 

The  properties  of  this  substance  vary  according  to  the  nature  and  the 
proj>ortion  of  the  sub-stances  combined  with  the  iron,  and  likewise  accord- 
ing to  the  rapidity  of  cooling  from  the  state  of  fusion.  For  the  most 
f«rt,  cast-iron  exhibits  a  laminar  or  granular  texture,  sometimes  crystal- 
izes  in  octohedrons,  and  is  more  brittle,  specifically  lighter,  and  more 
fusible  than  malleable  iron.  At  a  red-heat,  it  is  so  soft  that  it  may  be  cut 
with  a  saw. 

Melted  cast-iron,  whether  white  or  grey,  yields  white  cast-iron  by 
sudden  cooling  and  grey  by  slow  cooling.  Tne  former  corresponds  to 
hardened,  the  latter  to  unhardened  steel,  excepting  that  the  steel  contains 
less  carbon.  After  sudden  cooling,  the  carbon  remains  combined  with  the 
whole  of  the  iron;  but  if  the  cooling  be  slow,  the  carbon  has  time  to 
separate  for  the  most  part  from  its  state  of  combination  with  the  whole 
of  the  iron,  partly  as  graphite,  partly  as  FeC.  (Karsten.)  Part  of  the 
graphite  remains  diffused  through  the  iron  in  scales;  the  rest  crystallizes 
out.  The  greater  the  quantity  of  carbcm  in  white  cast-iron,  the  more 
strongly  mast  it  be  heated  in  fusing  and  the  more  slowly  must  it  be 
eooled  after  fusion,  in  order  to  convert  it  into  the  grey  variety.  On  the 
other  band,  grey  cast-iron  is  most  cbaiW  coi^verted  into  white,  by  heating 
Jijust  to  the  melting  point  (becauao  wu  tiDL<^  «w>Yva\^  Vaki^  ^^ara  more 
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rapidly  thronghout  the  whole  mass].  In  iron  castings,  those  parts  of  the 
iron  which  have  been  in  direct  contact  with  the  mould  are  of  the  white 
Tarietj,  bein^  lighter  in  colour  as  the  mould  is  wetter  and  the  casting 
thinner;  in  the  interior  of  the  mass,  the  white  iron  passes  imperceptibly 
into  the  grey.  When  fu8od  cai<t-iron  very  rich  in  carbon  is  run  into  a 
▼ery  wide  open  mould,  and  thrown  into  water  as  soon  as  it  has  become 
solid  on  the  surface,  the  portion  which  still  remains  fluid  in  the  interior 
is  converted  by  the  rapid  cooling  into  white  iron.  (Karsten.) 

Although  we  must  admit,  with  Karsten,  that  the  diflbrent  rate  of 
cooling  is  the  principal  circumstance  which  determines  the  production  of 
white  or  of  grey  cast-iron,  we  can  nevertheless  scarcely  follow  him  in 
regarding  it  as  the  only  cause  of  the  difference;  for  the  varying  quantity 
of  the  other  elements  contained  in  it  appears  likewise  to  exert  an  influ- 
ence on  the  result.  Wliy  is  it  that  white  and  grey  iron  sometimes  occur, 
and  with  sharp  demarcation,  in  the  same  piece  of  iron  l  {infra,)  Why 
is  blackish -grey  pig-iron  so  ditKcult  to  convert  into  white  ?  Why  does 
the  same  furnace,  according  to  the  manner  in  which  it  works,  yield  at 
the  same  rate  of  cooling,  sometimes  a  whiter,  sometimes  a  greyer  iron  ? 
Why  does  fused  grey  pig-iron  solidify  in  the  form  of  white  bright  iron 
on  the  addition  of  sulphur  {infra);  and  if  the  bright  iron  be  distin- 
guished merely  by  containing  the  greatest  quantity  of  carbon,  why  is  it 
not  obtained  by  fusing  pure  iron  with  excei*s  of  charcoal  ?  (Gm.) 

Varieties  of  Cast  or  Pig-iron j  particularly  according  to  Karsten: 

A.  White  Pig-iron. — Varies  from  tin-white  to  greyish-white;  yery 
brittle,  cracking  easily  even  by  change  of  temperature;  extremely  hard^ 
sometimes  even  more  so  than  liardened  steel,  so  that  it  will  resist  the 
strons^st  file;  scratchoH  glass  easily.  Fracture,  sometimes  laminar, 
sometimes  lamino-nidiating,  sometimes  finely  splintered,  sometimes  dense 
and  conchoidal.  As  the  fracture  changes  from  laminar  to  conchoidal,  the 
colour  likewise  varies  from  white  to  ^q-eyish.  Mean  specific  gravity,  7-5. 
Expands  less  than  grey  cast-iron  when  heated.  Cannot  be  welded, 
because  it  becomes  pasty  at  the  very  lowest  welding  heat.  Fuses  less 
readily  than  grey  pig-iron.  When  heated  to  the  melting  point,  it  does 
not  suddenly  pass  into  the  fused  state,  like  grey  pig-iron,  but  is  converted 
before  fusing,  into  a  soft,  pasty  niass.  In  this  variety  of  pi^-iron,  the 
carbon  is  unite<l  with  the  whofo  of  the  iron.  Continued  ignition  out  of 
contact  of  air,  does  not  alter  bright  iron,  but  imparts  a  grey  colour  to 
those  kinds  of  white  pig-iron  which  are  less  rich  in  carbon,  and  renders 
them  less  hard  and  brittle.   (Karsten.) 

a.  Bright  Iran,  linugh  Sttrl-iron  {Spiegeleisen,  Spiegelfoss,  Rohstahleiseii. 
J^ohstfthljiosf,  J/affjfosH).  Tiiis  is  the  hardest  of  all  kinds  of  iron;  it 
resists  the  stron;rest  file;  exhibits  a  coarsely  laminar  fracture,  with  silver- 
white,  specular,  fractured  surfaces.  The  most  fusible  of  all  kinds  of  pig- 
iron.     Esjieeially  rich  in  carbon. 

6.    Wkltislt-grfif  Pig-iron, 

c.  Flower g  Pig-Iron  {JUinaiges  Poheis€7i,  blumige  Flossen).  Bluish, 
with  a  radiating,  highly  lustrous  fracture. 

d.  Ongiifh'U'hite  Iron,  having  a  fracture  without  distinct  structure. 

e.  Porous  Pig-iron  {ftwklger  Jiohfisen,  luckiger  Floss,  Weich floss). 
Less  white,  with  a  bluish   or  greyish  tinge  with  a  somew^hat  indented 

racture;  porous.     Forms  the  transition  to  grey  pig-iron  and  to  steel. 

B.  Gtrg  PiV^-iroH.— Between  light  grey  oud  black,    6oiiie\ASW»  noS^ 
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a  strong  lustre;  sometimes,  when  it  contains  considerable  quantities  of 
foreijjn  metals,  especially  silicium,  it  is  dull.     Fracture  granular.     If  the 
grains  become  fiat  and  scaly,  the  irun  is  impure.     Innumerable  scales  of 
graphite   are   interspersed    between    the   j»artic1es.      The  grains,  which 
resemble  those  of  unhardenetl  steel,  consist  principally  of  the  compound 
of  carbon  with  the  whole  of  tlie  iron:  FcC^  may,  however,  be  mixed  with 
them.     Mean  density  7*1.     More  or  less  soft  and  extensible,  possessing 
these  properties  in  a  greater  degree  when  cold  than  at  a  red  heat.     This 
kind  of  cast-iron  would  bo  very  malleable,  if  it  were  not  mixed  with 
graphite.     It  may  be  welded,  though  not  easily,  because  the  welding 
and  melting  points  are  very  close  together.     The  more  carbon  it  contains 
the  more  readily  <loes  it  fuse,  and  with  an  equal  proportion  of  carbon,  it 
is  less  fusible  than  white  pig-iron.     Some  varieties  of  it  are  as  refractory 
as  the  harder  kinds  of  cast-steel,  others  fuse  almost  as  easily  as  bright 
iron.   (Karsten.)     A  sample  of  pig-iron  examined  by  Degen  fused  at 
1326^  C.     Its  passage  from  the  solid  to  the  liquid  state  takes   place 
almost  instantaneously,  the  melting  point  being  higher  and  the  fusion 
more  sudden  as  the  proportion  of  carbon  is  smaller.     When  very  slowly 
cooled  after  fusion,  it  becomes  more  malleable  than  before;  by  sudden 
cooling  it  is  converted  into  white  pig-iron,   the  conversion  being  more 
complete   as  the  proportion  of  carbon  is  greater.     Thus  white  iron  is 
obtained  by  pouring  water  on  the  iron  which  has  been  run  off  into  the 
grooves  and  taking  out  the  crusts  of  solid  metal  thus  produced.     The 
blackish-grey  iron  obtained  when  the  furnace  is  working  very  hot,  is 
however  dimcult  to  convert  into  white  iron;  but  complete  conversion 
may  be  obtained  by  pouring  it  into  water  in  a  fine  stream.  (Karsten.) 
[Is  not  the  blackish-grey  pig-iron  peculiarly  rich  in  carbon  ?]     It  is  not 
altered  by  continued  ignition  with  charcoal  out   of  contact  of  air.     It 
hardens  by  cooling  in  water  after  ignition.  (Karsten.)     When  hardened, 
it  scratches  glass  and  resists  an  English  file.  (Bromeis.) 

a.  Mottled  or  Mixed  Pi'j-iron  {Halbirtes  Noheisen,  tjefiecktea  Roheisen). 
A  mixture  of  white  and  grey  iron.  In  8tron(fly  mottled  iron,  little  stars 
and  spots  of  grey  iron  are  found  interspersed  in  bright  or  flowery  iron; 
weakly  mottled  iron  exhibits  white  specks  on  a  grey  ground.  In  streaked 
iron  {spengliches  or  streifges  Eisen)  grey  iron  is  found  above  and  below, 
and  bright  iron  in  the  middle,  with  strong  demarcations. 

h.  Grey,  Normal  Pig -iron  {Graites,  gures  Boheiseu).  Produced  when 
the  charcoal,  ore,  flux,  and  air  in  the  blast-furnace  are  in  normal  propor- 
tion. The  slag  or  cinder  produced  under  such  conditions  is  perfectly- 
fused,  contains  very  little  iron,  is  frt*c  from  graphite-laminae,  sometimes 
vitreous  and  of  a  greenish  or  blue  colour,  sometimes  crystallo-granular, 
laminar,  and  greyish -white.  Normal  cast-iron  is  of  small-grained  struc- 
ture, and  interspersed  only  with  small  graphite-laminae :  possesses  great 
tenacity;  is  easily  filed,  turned,  and  bored;  may  even  be  hammered  to  a 
certain  extent;  does'  not  readily  crack  from  change  of  temperature;  and 
is  best  adapted  for  most  kinds  of  casting. 

c.  Bl/tck,  supernormal  Pig-iron  {SchivarzeSy  ubergares  Roheisen).  Pro- 
duced when  the  blast-furnace  is  very  hot  and  the  supply  of  coke  or 
charcoal  too  great.  The  grey,  fine-grained  mass  then  produced  is 
abundantly  intersected  and  superficially  marked  with  lamina)  of  graphite, 
whereby  its  solidity  is  diminished. 

Analyses  of  Cast  or  Pig-iron, — 1.  Smelted  with  charcoal,     a.  From 
BeUbre;—6.  from  Autray;— c.  from  Beze; — d,  from  St.  Dizier; — c.  from 
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Sweden;— /.from Tredion; — ^.fromLohe. — 2/Smelted  with  coke:— .^. from 
Finny; — *.  from  Janon;— ^•.  from  Charleroy; — /.  from  England; — m.  Fine 
metal  from  Firmy  (i.  e.  iron  from  Firmy  melted  a  second  time).  All  the 
proportions  are  given  in  100  parts.  (Berthier,  A  nil.  d,  Min,  1833;  abstr. 
Jahrffhei\  14,  127.) 

a.  b.  c,  d.  e.  f,  g.  k^ 

C  ....  2-95  ....  3*5  ....  3-05  ....  3*6  ....  4'2  ....  3*6  ....  3*50  ....  3*0 
Si  ....     0-2S     ....     0.3     ....     007     ....     0*4     ....     0*5     ....     0*5     ....     0*45     ....     4-5 

t.  k.  L  tn. 

C  4-3     ....     2-3     ....     2-2     ....     1-7    —     100 

Si 3-5     ....     3-5     ....     2-5     ....     05    —    015 

Iron  smelted  with  coke  is  therefore  much  richer  in  silicium  than  that 
which  has  been  reduce<l  by  charcoal. 

a.  Pig-iron  from  the  Koyal  Works  in  the  Harz,  smelted  with  cold  air; 
of  sp.  gr.  7 '43;  mottled. — b.  The  same,  smelted  with  air  at  250®;  sp.  pr. 
7*166;  normal  and  of  a  grey  colour. — c.  Pig-iron  from  Lcerbach  in  the 
Harz;  cold  blast;  sp.gr.  7*081;  very  grey. --^.  The  same,  smelted  with 
air  at  110";  sp.  gr.  7*077;  very  grey.  The  hotter  the  blast,  the  greater 
is  the  quantity  of  silicium  which  unites  with  the  iron;  the  proj>ortion  of 
phosphorus,  on  the  contrary,  remains  the  same.  (Bodcmann,  I^o^ff. 
55,  485.)— tf.  Grey,  soft  pig-iron  from  the  Maximilian  Works  at  Bergen. 
(Fuchs,  J.  pr,  Chenu  17,  166.)—;/'.  Good  pig-iron  free  from  manganese, 
from  the  Leke  iron-works.  (Berzclius,  Scher,  Ann.  7,  221.) 

a.  b,  c.  dm  €.  yi 

Fe 93*29  ....  91*42  ....  93*66  ....  91*98     ....     94*33     ....     9M6 

-n,  jcombincd       2-78  ....  1-44  ....  0*48  ....  0*951  «  .«               •i.oa 

^  tfrcc 1-99  ....  2-71  ....  3*85  ....  3*48/     "       ** "       •       ^  "" 

P   1*23  ....  1*22  ....  1*22  ....  1*68     ....       0*37 

S   M..  trace  ....  trace  ....  trace  ....  trace     ....       0*12 

Cs trace  ....  trace  ....  ....  ....  Mg    0*12 

Al ....  ....  trace  ....  trace 

as  0*71  ....  3*21  ....  0-79  ....  1*91     ....       1*75     ....       0*25 

Mn  trace  ....  trace  ....  trace  ....  trace  ....        ....   4*57 

Cr  «ih1  V  ....  trace 

10000     ....  100-00     ....  100-00     ....  10000     ....  100*00     ....  100*00 

a.  a.  Grey  pig-iron  from  Wales,  smelted  with  coke,  No.  1; — h.  No.  2; 
c.  No.  3; — d.  Grey  pig-iron  from  Franche-Comte,  smelted  with  coke; 
e.  The  same  from  Creusat;— ;/.  The  same  from  the  Champagne;—^.  Grey 
pig-iron,  with  coke  and  wood,  from  Berry; — h.  Grey  pig-iron,  with  char- 
coal, from  Nivemais; — i.  White  pig-iron,  with  wood,  from  the  Champagne; 
Jk.  The  same,  from  the  Isrre; — /.  The  same,  from  Siogcn; — m.  The  same, 
from  Coblcnz.  The  quantity  required  to  make  up  the  hundred  parts  is 
iron.  (Gay-Lusi*ac  &  Wilson,  N,  QuaH,  J,  of  Sc.  7,  204;  also  Jahresber. 
11,  128.) 

fl.  b.  c.  d.  *.  /' 

C   2-45     ....       2-55     ...       1-67     ....       2-80     ....       202     ....       2*10 

P   0-78     ....       0-44     ....       0-49     ....       035     ....       060     ....       0-87 

Si  1-62     ....       1*20     ....       3-00     ....       1*16     ....       3*49     ....       1*06 

M>l    •••■• trace     ....      trace     ....      trace     ....      trace     ....      trace     ....      trace 

g.                  h.  i.                   k,                    /.                   »«• 

C  2-32  ....  2-254  ....  2*324  ....  2*W6  ....  2*69  ....  2*44 

P   0-19  ....  1013  ....  0*703  ....  0*280  -..  016  ...  0*19 

Si 1*92  ....  1030  ....  0*840  ....  0*260  ....  0*23  ....  0*23 

Mn    tWJC  ....  trace  ....  trace  ....  2*14<)  ....  2*Vi  ....  'l.ASi 
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In  the  following  investigations,  only  the  proportion  of  carbon  in  the 
pig-iron  was  determined;  a.  Grey  pi|r-iron  from  Sain,  reduced  fnxm. 
Brown  Iron-ore  with  charcoal. —  b.  The  same,  from  Widdenstein  in 
Siceron,  reduced  from  Brown  Iron-ore  and  Spathic  Iron-ore  by  charcoal; 
€,  The  same  from  Mnlaj>an  in  Siloi'ia,  roduco<l  from  Sphaero.siderito  by 
charcoal. — d.  The  same  from  the  Roj-al  Works  in  Silesia,  obtained  from 
Ochery  Brown  Iron-oro  by  coke. — f.  The  same,  but  with  a  less  hot 
working  of  the  furnace.  (iKarsten,  Schtv,  08,  182.) — Pig  iron  from  the 
Bcmberg:  a.  Grey; — h.  Ordinary  white; — c.  Very  light  white; — d.  White, 
and  of  normal  composition; — e.  Perfectly  bright  or  specular  iron  containing 
7  per  cent,  of  manganese.  (Bromeis,  Ann.  PJvarm,  43,  241.)  All  the 
numbers  refer  to  100  parts. 

Karsten. 


Combined  Carbon    .... 
Free  Carbon 

0-89 
3-71 

•  •«• 

6. 

103 
3-62 

•  ••• 

•  •■• 

c. 

0-75     .... 
3-15     .... 

d. 

0-58     .... 
2-57     .... 

e. 
0-95 
2-70 

Total 

4-60 

•  «■• 

465 

•  •■• 

3-90     .... 
Bromeis. 

315     .... 

3-65 

Combined  Carbon  .... 
Free  Carbon 

a. 
0-93 
2-34 

■  «•• 
•  ••• 

b, 
1-514 
1040 

•  ••• 

c.                  d. 

2-518     ....     2-908 
0-500     ....     0-550 

e. 
....    3-10 
....     0-72 

Total 

3-27 

•  ■■• 

2-554 

■  •■■ 

3-018     . 

...     3-458 

....        O'om 

Bright  iron  contains  the  largest  proportion  of  carbon,  viz.  5*3  per 
cont=Fc*C.  [This  is  contradicte<l  by  the  above  analysis  of  Bromeis.] 
This  quantity  of  carbon  is  not  increased  by  fusion  in  a  crucible  lined 
with  charcoal.  With  4-2.5  per  cent,  of  carbon,  the  laminar  texture  is 
Btill  distinct;  with  a  smaller  quantity  of  carbon,  it  passes  into  the  ra- 
diated; with  a  still  smiiller  quantity,  it  exhibits  a  close  and  then  a 
granular  fracture,  the  whiteness  at  the  same  time  diminishing ;  bat 
when  the  proportion  of  carbon  is  still  further  diminished,  the  grey  colour 
becomes  lighter  again.  Porous  cast-iron  contains  3-5  per  cent.  carboD. 
(Karsten.) 

The  substances  which  occur  in  pi^-iron  in  addition  to  the  carbon, 
probably  form  compounds  with  a  portion  of  the  iron,  which  are  finely 
diffused  through  or  dissolve<l  in  the  carbide  of  iron.  These  admixtures 
affect  the  quality  of  the  iron  as  follows  : — 

Phosphorits  imparts  to  iron  the  property  of  fusing  tranquilly,  and 
forming  a  thin  liquid;  and  since  phosphide  of  iron  solidifies  less  quickly 
than  pure  iron,  it  is  well  adapted  for  castings;  but  if  the  pn)]K>rtion  of 

})hosphorus  amounts  to  1'5  p(;r  cent.,  the  iron  loses  its  solidity.  The 
argest  j)roportion  of  phosphorus,  as  it  occurs  in  iron  from  Limonite^ 
amounts  to  5'6  percent.  (Karsten.)  •[  Schafliautl  (./.  ;)r.  Chem,  40,304) 
remarks  that  cast-iron,  bar-iron,  and  steel  ulmost  always  contain  more  or 
less  arsenic  and  phosphorus,  which  often  greatly  improve  their  quality. 
Thus  the  celebrated  Dannemora  iron  and  the  English  Low-Moor  iron 
owe  their  good  qualities  to  the  presence  of  arsenic;  und  a  particular  kind 
of  Rnssiau  iron  (marked  CCND)  from  Demidorff's  works  at  Nischnetag- 
ilak  is  indebted  for  its  peculiar  qualities  to  the  phosphorus  which  it 
contains.  ^^ 

Iron  which  contains  suiphur  becomes  viscid  and  solidifies  quickly,  if 
cooled  in  the  least  degree  after  fusion^  and  during  the  solidification, 
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[tin  and  ur-trabblea  ore  often  formed.  Eren  if  tba  quantity  of 
mlphur  amouaCa  to  only  0*37  per  centv,  tfao  nietil  whea  caaverted  into 
bor-iron  is  perfMlly  ust-liss,  liroakiiig  to  piec«a  unJcr  tho  lianimer  at  a, 
red  beaL — ^Vben  a  snmll  qaaniity  of  sulpiiur  (j-  to  ^)  i*  Mirred  about  at 
the  bottom  of  melted  grey  pig-iruo  prepared  from  manganiforoiia  brown 
iron-Moae,  tbe  fused  lunaa  solidiGes  in  tliiy  form  of  bright  iron,  exactly 
nwmblin^  tli»t  from  wiiich  roDgb  st«el  ia  prepared.  Pi^-iron  free  from 
PMDganeae  lilccwiK,  wben  tbus  treated,  yields  briglit  iroo,  rontaining: 
fa  S4-03,— oombiaed  carbon  4-9S  (it  does  not  contain  firapbite), — S  0'61, 
~^i  I  -OJ  (eicesu  (162.)  Eren  if  thia  prooess  doea  not  produce  bright  or 
ipecnlar  iron,  it  at  least  alnaya  yields  wbite  iron.  On  the  otber  band,  fused 
brigfit  iron  obtained  from  spathic  iroo-ors  is,  by  admixtiiro  of  antpbnr, 
eonpletely  <7onvertoid  into  ^rey  pig-iron.  In  all  the^je  fnsions  with  sul- 
pknr,  a  bfack  mass  conaisting  of  graphite  and  sulphide  of  iron  Mparatoi 
on  the  curftloo  of  the  metal.  [Coa»ei|u«ntly,  tbe  sulphur  expels  a  portion 
of  tba  eftrbon  from  ita  combination  with  the  iron.]  (Huene,  J.  pr.  Chftm. 
t€,  308.) 

Silieium  bccomea  mixed  n'itb  tbe  iron  in  considerrkble  quantity  wben 
e  is  used  as  the  reducing  at.'ent;  the  largest  amount  found  by  Karsten 
I  3'40  per  cent.  A  larger  proportion  deprives  gKj  cott-iron  of  ita 
lurtre,  and  gives  it  a  dull  aspect  and  an  aab-grey  colour;  a  similar 
affect  is  produced  by  other  earth-metalt.  Generally  speaking,  grey  caeb> 
iron  contains  more  siltcium  and  manganese  than  tbe  wbite  variety. 
(Karsten.) 

Bte  occurs  in  pig-iron  more  frequently  than  is  commonly  sup- 
It  is  not  evolved  in  the  form  of  nrseniurelted  hydrogen  gas  wben 
tbo  iron  is  dissolved  in  dilute  sulphuric  acid,  hut  remains  in  tbe  blade 
Mndue,  from  which  it  may  easily  be  extracted  by  caustic  potash  or  lydro- 
■ulphate  of  ammonia,  and  then  precipitated  by  aciile  in  tbe  form  of  sui- 
pkide  of  arsenic,  or,  in  the  cuse  of  the  potaah-aolution,  by  paMiRg 
.nlplinrettpd  hydrogen  through  tho  liquid,  and  boiling.  This  sulphide  of 
.•TMtnte  often  leaves  h  small  quantity  of  snlpbide  of  molybdenum  wben 
distilled.  (Wohlor,  Ann.  Pharm,  31,  95.) 

Bef«tr6m  reduced  ferric  oxide  mixed  with  varions  foreign  suhstnnces.in  a 

charcoal  crucible  before  the  blowpipe,  whereby  difl'erent  elements,  such 

'"  ihosphorus,  sulphur,  arsenic,  silicium,  calcium,  magnesium,  aluminum, 

manganese  were  made  to  combine  with  the  iron,  and  alter  its  pro- 

irtiee.     (For  the  results  of  these  important  experiments,  vid.  J,  Uehn, 

■m.  10,  U5.) 

Cast-iron,  when  heated  in  the  nir,  exhibits  the  same  surfoce-onliinrs  m 
il  and  bar-iron,     White  iron  shows  colour  sooner  than  steel;  cast- 
sometimes  more  slowly  than  bar-iron.  (Karsten.)     Cast-iron,  by  con- 
tinned  ignition  in  the  air,  is  converted  from  without  inwards  into  tcale- 
Oxid«,  the  carbon  at  the  same  time  escaping. — If  tho  ignition  be  interrupted 
~  efore  tbe  white  cast-iron  is  completely  converted  into  scale- oxide,  the 
Nnaining  iron,  from  loss  of  carbon,  is  found  to  bo  dark-grey,  soft  and  mai- 
lable like  tbe  softest  grey  cast-iron,  but  does  not  appoftr  brittle  or  porous. 
Fit  be  protected  from  the  ait  duriug  ignition  by  covering  it  with  various 
owdnu,  even  with  charcoal  powder,  it  is  converted  lutu  the  same  kind 
f  soft  C8*t^irtm,    without   much  foranation  of  •caie-oiido.     The  same 
lOTersion  takes  nlnee  without  any  fonnatton  of  oxide,  whon  white  cnst- 
,  is  surrounded  with  chalk,  ashes,  or  ferric  oxide,  nud  ignited  in  close 
.„jel8.     On  this  property  depends  tho  annealing  of  iron  castings. — Grey 
rut-iron  wben  exposed  to  the  air  coyers  itself  with  scale-oxide,  and  at 
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the  Bame  time  becompa  more  and  inoro  brittle  till  it  ie  completely 
oxiiiized.  It  lilcewisa  passes  into  a  brittle,  porous  atnte,  when  lieaied 
to  tednesH  under  chalk,  ferric  oxide,  SiC, — If  white  caat-iron  ts  bcate<l  in 
the  air  till  it  becomes  soft  and  pcisty,  it  gives  up  ita  carbon  more  quicklv 
than  wben  merely  heated  to  redaetsa,  and  ultimately  passes  from  the  ateel- 
like  etate  to  that  of  pure  iron,  without  the  great  loss  of  iron  which  is  un- 
aroidablo  when  the  metal  is  completely  fused.  Since,  however,  when  tbe 
amouDt  of  carbon  ie  ceusiderable,  the  pasty  ooaditiaa  qaickly  paoses 
into  the  liquid  etate,  this  mode  of  removing  the  carbon  cannot  be  applied 
to  bright  iron,  which  is  very  ricb  In  that  element. — White  or  grey  cast- 
iron,  when  fused  in  the  air,'beconies  covered  with  scale-oxide,  and  if  this 
he  constantly  removed,  the  whole  of  the  metal  is  quickly  oxidized;  if, 
however,  the  oxide  be  left  on  the  surface,  it  increaaea  but  slowly,  and  the 
iron  becomes  more  free  from  carbon,  more  like  steel,  and  difficult  to  fuse. 
— Grey  cast-iron  fused  under  a  layer  of  carhoaate  of  potash,  soda,  lime, 
or  niHgnesia,  the  temperature  being  raised  as  the  metal  becomes  more 
refractory,  is  converted  into  perfectly  malleable  steel-like  iron.  It 
cannot,  however,  be  completely  deprived  of  carbon  by  this  prooes*; 
neither  does  it  take  up  any  alRali-mctal.  The  carbonia  acid  in  the 
carbonates  is  doubtless  converted  into  carbonic  oxide.  (Karsten.) 

Nitric  acid  forms  a  black  spot  upon  cast-iron,  dissolves  it  with  evo- 
lution of  nitrous  gae  and  carbouic  acid,  and  leaves  a  brown,  soft,  mouldy 
residue.  This  latter  substance  smells  like  peat  when  heated,  and  glows 
when  set  on  fire,  emitting  the  same  odour  and  leaving  a  greyish- red  aah. 
Itfany  kinds  of  this  mouldy  substance  are  slightly  soluble  in  water,  othert 
more  abundantly,  especially  in  hot  water,  from  which  they  separate 
partly  by  cooling,  partly  by  evaporation;  but  all  varieties  of  it  dissolre 
easily  in  ammonia  and  potash,  fonuiug  a  black-brown  solntion,  from 
whicii  acids  throw  down  a  precipitate.  (Berzelius,  ScAer.  Ann.  1,  224,1 
If  cast-iron  he  immersed  in  water,  and  nitric  acid  free  from  nitrons  and 
hydrochloric  acid  be  gradually  added  so  that  the  temperature  may  not 
nse  above  50°,  there  remains  a  black-brown  mould,  which,  when  heated 
in  tbe  air,  emits  fumes  of  a  peculiar  but  nut  exactly  empyreumstie 
odour,  aud  then  bums  away  with  a  glimmering  light;  when  subjected  to 
destructive  disttll.ition,  it  leaves  a  residue  of  charcoal,  and  yields  a  dii- 
tillate  of  ammonia,  together  with  an  empyreumatic  oil  whioh  smells  likft 
tobacco.  (Berzelius,  J'ogg.  S7,  126.) — Cold  nitric  aeid  of  speciiic  gntvitjr 
1  '3  gradually  dissolves  white  cnat-iron,  with  separation  of  black  flaket, 
which  if  left  immersed  in  the  ucid,  slowly  act^uire  a  brown-red  colour; 
boiling  nitric  acid  or  aqua-regia  acts  in  the  same  manner,  but  more 
quickly  and  with  great  frothing. — On  grey  cast-iron,  cold  nitric  acid  act6 
but  slowly;  the  softer  kinds  are  affected  by  the  acid  in  the  same  mantier 
as  soft  ^tcel — the  harder  and  lighter  varieties  (e.  ^.  tbe  mottled),  like 
hard  steel.  After  a  time  the  action  ceases  altogether,  but  be^ns  again  if 
the  graphite-laminm  are  separated  from  the  iron.  Nitric  acid  is  coloured 
hj  the  mould  which  it  dissolves.  Aqua-regia  acts  in  the  same  manner  u 
nitric  acid.  (Karsten.) 

Dilute  sulphuric  or  hydrochloric  acid  also  dissolves  cast-iron — the 
grey  more  easily  than  tlie  white — with  evolution  of  hydrogen  gns,  conta- 
winuted  with  the  vapour  of  a  dieagreeably-smelling'  oil,  sometimes  also 
containing  sulphur  aud  phosphorus,  and  perhaps  mixed  with  niar^li-gai; 
a  carhonacouus  residue  is  left,  exhibiting  three  varieties  of  compodtion 
and  properties.  If  tbe  hydrogen  gas,  as  it  is  evolved,  is  passed  tbrougti 
alcohol,  that  liquid  takes  up  the  oil  (first  observed  by  Proust  [Schrr.  J, 


,  480j  also  Gilb.  24,  293]),  which  may  then  be  sepanited  from  it  by 
idiling  water.  When  cast-iroii  is  dissolved  in  hydrochloHo  acid,  mora 
bt^rogeo  and  leas  oil  are  obtained  than  when  tjulphurio  iicid  is  used; 
Mrt  of  the  oil  rematDS  ia  the  carbonaceous  regidne,  uid  may  be  extracted 
By  alcohol.  (Bprzeliua.)  Oil  of  vitriol  through  which  the  hydrogen  is 
"  nseei,  completely  absorbs  the  vapour  of  the  oil,  acqairing  a  yellow  and 
ftervrards  a  deep-red  colour.  (Schrbtter,  Ann.  Tharm.  89,  302.) — Whan 
Ut-iron  is  dissolved  in  hydrocblorio  acid,  there  remains  a  brownish 
nidue,  which  turns  ligbt  yellow  on  drying,  and  when  burnt  becomes 
Idack,  and  leaves  a  residue  uf  silica.  Sulphuric  acid  leaves  a  block  and 
Dore  copious  residue,  which  also  IcaTes  silica  when  burnt,  (fierielius.) 
—White  cast-irou  is  almost  insoluble  la  dilute  sulphuric  or  hydrochloric 
;  when  immersed  for  some  weeks  in  either  of  these  acids,  it  becotnei 
BDvered  with  a  black  du^t  or  mould,  Stronger  sulphuric  acid  at  a  boiling 
,t  ditsoU-cs  white  iron,  leaving  a  residue  of  black  oHrbonaceous  matter 
metallic  aspect  [mould'];  boiling  concentral«d  hydrochloric 
vca  white  iron  completely. — Grey  cast-iron  dissolves  very 
idowly  in  dilute  sulphuric  or  hydrochloric  acid,  and  after  a  few  months, 
kttvea  a  residue  consisting  of  three  different  substances  ;  I.  Graphite,  in. 
aon- magnetic  scales,  which  have  a  metallic  lustre,  are  insoluble  in  acids 
tad  alkalis,  and  bum  without  residue.  2.  A  magnetic,  graphite-likft 
I  (FeC)  which  becomes  heated  when  dried  in  the  air,  and  is  in 
«ther  respects  similar  to  that  which  is  obtained  by  the  same  process  from 
•nhardened  steel  (p,  210).  3.  Black-browo,  non-magnetic  mould,  which 
bums  awav  below  a.  red  beat,  and  dissolves  in  caustic  potash,  form- 
ii^  a  blae^-browD  solution,  (jrai)liito  is  never  absent  from  the  residue; 
tet  it  is  mixed,  sometimes  with  the  graphite-like  matter,  someiimeB  with 
Bould.  When  grey  cast-iron  is  dissolved  in  strong  sulphuric  acid,  thd 
laidue  consists  of  graphite,  and  bhick,  easily  inflammable  mould;  hot 
poncentrated  hydrochloric  acid  dissolves  grey  iron  quickly,  leaving  a 
)KHduo  of  graphite. — White  cast-iron  which  has  been  rendered  grey  and  soft 
bycontinuedignitioUjComports  itself  with  nitric,  sulphuric, and  hydrochloric 
rid  in  the  same  manner  as  uubardened  steel  which  has  been  rendered 
Btuer  by  hammering.  (Karsten.)~1[  Acccordiug  to  Landrock  [Arch. 
'Aarm  [21,  54,  1),  the  insoluble  residue  left  by  the  action  of  dilute  sul- 
huric  ooiu  on  cast-irou  does  not  in  any  way  partake  of  the  nature  of  an 
i;g)U)io  substance;  and  that  which  is  dit^solved  out  of  it  by  potash  is  not 
enbitanco  resembling  mould  or  humus,  but  consists  mainly  of  furrio 
tide  and  silica,  the  ferric  oxide  being  rendered  soluble  in  potash  through 
n  medium  uf  the  silica;  the  volatile  products  resuUiug  from  the  action 
r  the  acid  are  hydrogen,  arseniurctted,  phosphurotted,  and  sulphuretted 
lydrogen,  and  sulphurous  acid  H. — When  the  residue  obtained  on  dis- 
ilving  grey  cast-iron  in  hydrochloric  acid  is  treated  with  ammonia,  it 
,pidty  givus  olF  hydrogen,  together  with  traces  of  marsh-gas,  and  yields 
(so  far  OS  all  kinds  of  cast-iron  contain  aluminum)  a    '    "'      ' 


t  ammonia.     The  retiiduo  left  on  dissolvi 


•g  wl 


hite  iro 
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!id,  does  not  effervesce  with  ammonia,  provided  no  grey-iron  was  mixed 
iti  the  white.  (SchafhautI,  brUJlicKe  Mittheitung.)  H  According  to 
[nil  (-inn  Phai-vt.  74,  118),  the  evolution  of  hydrogen  in  the  manner 
itl  mentioned  is  purely  a  mechanical  phouonieuon,  The  hydrogen  is, 
L  fact,  mcohonicalty  inclosed  in  the  porous  carbonaceous  residue,  and  is 
rolved  from  It,  not  only  by  contact  with  ammonia,  hut  likcwiso  by  boil- 
Ig  with  pure  water.  Its  liberation  by  ammonia  at  ordinary  temix 
iturei)  probably  arises  from  this  circumstance,  that  the  aramot' 


■olrn  the  oily  IiydiDoitrbon  oontained  in  Ifce  carbonftcMiu  naidH«,  tlitrtby 
wetting  aail  p(?iietr«tiag  it  coniplet«Iy  ^. 

Daiiiell  {ScAw.  10.  203)  by  iliiMlviog  cast-iroa  in  Lydtuchloris  or 
■ulpliuric  aciil,  oblaJDed  a  subs|aac«  which  could  be  oat  witti  the  kntiev 
nnd  when  dried  in  the  air  niran  blotting-paper,  bemiue  hinted,  Miil,  if 
in  maoA,  ev<<ii  took  lira  Bpontaiicaualy. — Cnnnoii-biUlB  (not  mil)  whicli  ha4 
Uin  for  a  yean  under  ee«-water,  were  fuund  tu  be  oonvertod  inio  m 
■ubataiice  liKfl  plumba{ra,  aume  (o  the  thickneas  of  half  an  inub,  othen  to 
the  Y^ry  c«ntre.  (SilLiman,  Sill.  Amfr,  J.  i,  178;  aim  A'cAw.  35,  481.) 
[The  balls  nliich  withetood  the  action  of  the  Hca-w»ter  probably  oonxistM 
of  white  cast-iron.]— CHnnon-ball*  lyinj;  in  the  si<i  on  the  ooaHt  of  Nor- 
tnandy,  where  they  htul  been  deposited  daring  a  tea-fight  in  1693,  had 
retaioed  their  fonn  and  hulk,  but  lost  two-tbirda  of  their  weight;  they 
yielded  to  the  knife,  bad  no  action  ou  the  magnet,  and  no  longer  con- 
tained niotallio  iron.  (Doeloa^hampa,  J.  Chim.  Mid.  13,  Sfi.)  Balls 
rused  at  Carlacrona  from  n  ship  mink  30  years  before,  were  found  to  In 
converted,  through  one-thini  of  their  mats,  iota  a  poroos,  graphitic  rab- 
Btance,   wliit^h  became  strongly  heated   when  expueeil  to  the  air  for  a 

2uarter  of  an  bimr,  ho  that  the  adhering  water  evaporated.  (Berceliue, 
ehrb.) — Sea-water  Aaee  not  extract  all  the  iron  from  cast-iron,  but,  like 
dilute  sulphnric  acid,  leaves  graphite  mixed  with  a  graphitic  subsinnca 
(FeC")  which,  as  It  dries  in  the  nir,  beoomeB  haatsd  even  to  redtuws. 
Cast-iron  immersed  in  fresh-water  is  likewise  oonrerted  by  the  oarbonia 
aeid  of  the  air — thongh  very  wlowly  and  with  deposition  of  iron-nut — inlft 
the  same  mixture  of  graphite  and  FeC*.  (Karaten.)  Oxidation  of  oast- 
iron — even  more  rapid  than  in  sea-water — likewise  takes  pincoa  at  the 
mouths  of  riven  falling  into  tha  eea,  where,  at  the  eMi  and  flow  of  the 
tide,  the  lower  part  of  the  iron  is  placed  in  contact  with  sea-water,  anil 
the  upper  part  with  river-water,  so  that  a  galvanic  [BachoUiau]  cirontt 
is  formed.  Foal  sea-water  ai't«  more  strongly,  in  consequcBoo  of  the 
hydroBulphuric  iwid  which  It  oontaine.  The  surface  of  the  trou,  which, 
by  the  sudden  cooling  In  moist  sand,  has  been  broujirhL  to  a  state  approach- 
ing more  nearly  to  tliat  of  white  oswt^iron — resiets  the  action  of  the  water 
better  than  the  Interior.  fMallet,  J.  pr.  Chrm.  22,  352.) — Aqueous  chlo- 
ride of  copper  extracts  all  the  iron  from  cast-iron,  leaving  behind  the  whole 
of  the  carbon  mixed  with  copper.  (Beriellus,  Po^,  46,  43.) — A  similar 
aetlon  is  produced  when  cast-iron  is  placed  in  eon  tact  with  a  lump  of  fosed 
chloride  of  silver  under  water  containing  a  few  drops  of  hydrocblorio 
acid.  The  silver  is  thereby  reduced.  (Beriellus.) — The  harder  kinds  of 
white  cast-iron  placed  in  contact  with  water  and  chloride  of  silver  are 
elowly  decomposed,  leaving  a  black-brown  mould;  the  softer  kinds  de- 
compose more  quickly  and  leave  graphite,  black-brown  mould,  and  tbe 
graphitic  mass  FeC*,  which,  by  longer  action  of  the  chloride  of  silver,  u 
likewise  converted  into  black-brown  mould,  thongh  less  quickly  ilian  in 
dilute  acids.  Grey  cast-iron  gives  with  water  and  chloride  of  silver  » 
mixtnre  of  graphite  and  FeC.  (Karsten.) — Aqueous  eolution  of  iodine 
nets  in  the  same  manner  ae  the  metallic  chlorides.  (Rerxeliua.) 

White  or  grey  cast-iron  immersed  in  charcoal  powder  and  Ignited  lor 
ft  long  time,  or'fused,  takes  up  from  I  to  1^  per  cent,  more  carbon, 
unless  it  is  previously  saturated  with  carbon  like  bright  iron,  and  the 
white  variety,  when  heated  to  redneias  between  chareual,  becomes  grey  and 
Boft  (Karsten.) 

[Vfon  tmr.ircu,  Bt«oI,  and  cut-iron,  sec  eapmallf  Knntca  (Splttm  Stf  k 
Im-gie,  1831-S2,  Bd.  4;  aim  Sthw.  66,  ai  and  IGS).    "~ 
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Schifbiiia  {J.pr.  Ckem.  19,  150  and  408;  20,  465;  21,  129)  are  also  weU  worthy  of 
notice.] 

d.  Pure,  Saturated  Cast-iron. — Fo*C. — By  fusing  finely  divided  iron 
or  steel  with  charcoal  ouce  or  more,  a  dark  grey,  fusible  carbide  of  iron 
is  obtained,  having  a  laminar  texture,  and  capable  of  being  pounded  in  a 
mortar.  (Faraday  &  Stodart,  Gilb.  QQy  183.)  Bar-steel  fuses  to  a  similar 
compound,  if  the  cementation  be  carried  too  far.  (Buttery.)  The  carbide 
of  iron  obtained  by  continued  cementation  of  iron  with  lamp-black, 
Tesembles  ordinary  cast  iron  in  the  appearances  which  it  presents  at  a  red 
or  a  melting  heat,  and  in  its  reactions  with  other  bodies.  (Karsten.) 
4  atoms  of  iron  strongly  ignited  or  fused  with  excess  of  charcoal  appear 
to  take  up  at  most  1  atom  of  carbon. 

Faraday  &  Stodart. 
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e,  Fo'C*. — When  Prussian  blue  is  ignited  in  close  vessels,  there 
remains  a  black  powder,  which,  if  exposed  to  the  air  while  still  warm^ 
takes  fire  and  burns  away,  yielding  carbonic  acid  and  sesquioxide  of  iron. 
(Proust,  Ittner,  Berzelius.)  Robiquet  regards  the  residue  as  a  mere 
mixture,  since  it  is  magnetic,  rusts  by  contact  with  water,  and  readily 
gives  up  its  iron  to  hydrochloric  or  sulphuric  acid,  with  evolution  of 
hydrogen. 

/.  FeC^ — Fcrrocyanic  acid  or  ferrocyanido  of  ammonium  heated  in  a 
close  vessel,  leaves  bicarbide  of  iron,  which,  when  strongly  heated  in 
nitrogen  gas  exhibits,  a  glimmering  light  unattended  with  chemical 
change.  It  is  a  loose,  black  powder,  which,  when  slightly  heated  in 
the  air,  burns  like  tinder  and  is  converted  into  ferrio  oxide  of  equal 
weight.  (Berzelius.) 

g,  FeC  ] — Sometimes  left  behind,  together  with  graphite,  in  the 
action  of  dilute  sulphuric  or  hydrochloric  acid,  sea- water,  &c.,  on 
unhardened  steel  and  grey  cast-iron;  it  forms  a  graphitc-liko  but  mag- 
netic mass,  which  oxidizes  in  the  air  with  considerable  evolution  of  heat, 
is  converted  into  niouM  by  the  continued  action  of  acids,  and  when  burnt, 
leaves  from  82  to  94  per  cent,  of  ferric-oxide.  (Karsten;  comp,  pp.  204, 
205,  209,  218). — Bcrthier  {Jahreaher.  14,  130)  obtained  a  similar  mass  by 
treating  cast-steel  with  aqueous  bromine  or  iodine  in  quantity  not  sufh- 
cient  to  dissolve  the  whole  of  the  iron;  it  was  in  the  form  of  the  iron, 
could  be  pressed  between  the  fingers,  and  was  magnetic;  it  was  not 
decomposed  by  excess  of  bromine  or  iodine,  until  all  the  free  iron  was 
dissolved.  It  contained  81*7  percent,  iron  and  18*3  carbon;  hence  its 
formula  should  be  FeC. 

B.  Carbonate  op  Ferrous-oxide,  or  Ferrous  Carbonate.— i 
a.  Monobasic. — The  anhydrous  occurs  in  the  fonns  of  Iron-spar,  ^Spathic 
Ij'on-ore,  ^tahhttin  or  Splice rosiderite,  and  Jnukcrite.  Iron-sjiar  is  isomor- 
plious  with  calcspar.  An  acute  rhombohedron.  Figs,  141,  143,  145; 
r' :  r*=72' 58';  r* :  ;-*=107^  2'.  Cleavage  panillel  tor.  (Hauy.)  Spe- 
cific gravity  3-829  (Mobs),  3-872  (Neumann).  Harder  than  calcspar; 
white  and  translucent.  In  iron-spar,  part  of  the  ferrous  carbonate  is 
often  replaced  by  the  isomorphous  carbonates  of  lime,  magnesia,  and 
manganous  oxide. — Junkerite  forms  yellowish-grey  rectangular  octo- 
hcdrons.  (Fig,  47.)    Cleavage  perpendicular  to  the  axis  and  parallel ' 
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two  diagonals  (angles  =  108''  26'  and  71*  34).  Specific  grtLViij  3*815. 
Harder  than  calcspnr.  It  tliercforc  exhibits  with  regard  to  iron-spar  the 
same  dimorphitsui  that  arragouite  exhibits  with  regard  to  calcs]>ar. 
(Dufri'noy,  -7w?i.  C/tiin.  Phys.  bQ,  198;  also  J,  pr,  Chtm,  3,  261.)  Ac- 
cording to  Brcilhaupt  {Poytj.  .58,  278),  on  the  contrary,  jnnkerite  has  the 
same  ibrm  as  iron-spar,  and  the  so-called  octohedron  which  it  exhibit;] 
arises  from  the  truncation  of  an  acute  rhombohedron.  Fig,  153. 

Iron-spar  when  heated  to  redness  gives  off  4  volumes  of  carbonic  acid 
gas  and  1  volume  of  carbonic  oxide,  and  leaves  black  magnetic  ferroso- 
ferric  oxide: 

5FeO,C02  z:  3FcO,  Fe=0»  +  4C0=  +  CO. 

(Dbberciner,  Scltw.  28,  43.)  According  to  Fuchs,  also  {J.  pr.  Chem. 
17,  168)  the  ret^iduo  left  after  the  ignition  of  iron-spar  contains  much 
more  ferrous  and  less  ferric  oxide  than  magnetic  iron-ore.  T  According 
to  Glasson  (Ann,  Pharm,  62,  80),  iron-spar  when  ignited  out  of  contact 
of  air,  gives  off  5  volumes  of  carbonic  acid  to  1  volume  of  carbonic  oxide, 
and  the  residual  oxide  consists  of  4  FeO,  Fe'O'.  IT  Hydrate  of  potash 
likewise  converts  iron-spar  into  ferroso-ferric  oxide,  abstracting  the 
carbonic  acid  and  liberating  carbonic  oxide,  but  only  on  the  application 
of  a  considerable  degree  of  heat.  (Dobereiner.)  In  damp  air,  iron-spar  is 
very  slowly  converted  into  hydrated  sesuuioxide  of  iron.  When  heated  in 
a  current  of  chlorine  gas,  it  yields  a  sublimate  of  scsquichloride  of  iron 
and  a  residue  of  sesquioxide,  mixed  with  protochloride  if  the  quantity  of 
chlorine  is  deficient: 

C(FeO,  CO-')  +  3C1  =  2Fe=03  +  Fe»Cl»  +  GCO^. 

(Wohler,  Ann,  Pharm.  20,  253.)  Hydrochloric  acid  dissolves  iron-spar 
but  slowly,  with  evolution  of  carbonic  acid.  The  mineral  does  not 
dissolve  in  aqueous  hydrochlorate  or  nitrate  of  ammonia.  (Brett.) 

FeO   35       61-404 

CO' 22       38-590 


FeO,C02  57       100-000 


The  hydrated  salt  is  precipitated,  on  mixing  a  ferrous  salt  with 
carbonate  of  potash  or  soda,  in  thick  flakes,  which,  when  exposed  to  the 
air,  abstract  oxygen  and  evolve  carbonic  acid,  first  assuming  a  dirty 
green  colour,  and  then  changing  to  yellowish-brown  ferric  hydrate. 

It  is  very  difiicult  in  preparing  this  substance  (for  medical  purposes) 
to  wash  and  dry  the  precipitate  without  allowing  it  to  undergo  the 
change  just  mentioned,  to  a  considerable  extent. — The  green  vitriol 
used  nmst  be  perfectly  free  from  ferric  fiulj)hate,  c.  g.,  that  obtained  by 
Bonsdorff's  process, — and  this  salt,  as  well  as  the  monocarbonate  or  bi- 
carbonate of  soda  or  potash  used  as  the  preci])itant,  must  be  dissolved  in 
water  perfectly  freed  from  air  by  boiling.  (Bicarbonate  of  potash  gives 
a  dense  pulverulent  precipitate:  G.  Schmidt.)  The  precipitation  is  per- 
fonned  as  much  as  possible  out  of  contact  of  air,  with  excess  of  tho 
alkaline  carbon<nte,  and  for  the  most  part  in  the  cold.  Wilkens  and 
Wittstein,  however,  recommend  precipitation  at  a  boiling  heat,  followed 
by  a  quarter  of  an  hour's  boiling,  whereby  the  flocculent  precipitate 
collects  into  a  powder  which  is  easier  to  wash.  If,  however,  the  liquid 
contains  aj  large  quantity  of  carbonate  of  soda,  the  precipitate  turns 
grejrisb'black  on  boiling.   (Gciger.)    It  is  washed  with  boiling  water 


FERROUS  CARBONATE.  221 

either  on  a  doth  filter,  with  frequent  agitation  and  straining,  and  lastly 
pressed  between  bricks  (Bolle);  or,  by  Schindlcr's  method,  in  a  bottle 
with  the  bottom  cut  off  and  bound  round  with  linen,  and  having  a  long 
tube  filled  with  boiled  water  adapted  to  its  mouth,  as  in  Real's  press 
(Wilkens);  or  it  is  washed  by  decantatiou  in  a  stoppered  bottle  kept 
constantly  full  of  water  freed  from  air  by  boiling. — The  precipitate,  after 
thorough  washing,  is  either  quickly  introduced  into  a  bag  of  bibulous 
paper,  and  the  whole  tied  closely  up  in  a  moist  bladder  and  dried  between 
50^  and  60°  (Wilkens);  or  inclosed  in  a  bladder  without  the  paper 
(Daum).  Or  the  precipitate,  after  thorough  washing  by  decantatiou,  is 
agitated  with  alcohol  instead  of  water,  the  liquid  decanted,  and  the  wet 
mass  introduced  into  a  tubulated  retort,  previously  connected  air-tight 
with  a  receiver  which  has  been  exhausted  of  air  as  completely  as  possible 
by  burning  alcohol  in  it.  The  tubulus  of  the  retort  having  been  stopped 
and  a  gentle  heat  applied,  the  alcohol  passes  over  and  the  residue 
becomes  dry.  If  too  strong  a  heat  be  applied,  the  carbonic  acid  escapes. 
(Folix.)  Or  the  moist  precipitate,  after  having  been  covered  with  ether 
in  a  retort,  is  dried  at  a  gentle  heat  in  a  distillatory  apparatus  filled  with 
ether  vapour  (p.  171),  after  which  dry  carbonic  acid  gas  is  then  made  to 
pass  through  the  apparatus;  by  this  treatment,  the  precipitate  is  rendered 
somewhat  less  liable  to  change  by  exposure  to  the  air.  (G.  Schmidt.) 

The  preparation,  when  tolerably  successful,  is  a  greenish -white  or 
dark  green,  rather  heavy,  finely  divided,  and  tasteless  powder,  containing 
from  24  to  30  per  cent,  of  carbonic  acid.  When  ignited  out  of  contact  of 
air,  it  yields  water,  carbonic  acid  and  carbonic  oxide,  and  leaves 
magnetic  ferroso-ferric  oxide,  which,  after  cooling  in  air-tight  vessels, 
takes  fire  on  exposure  to  the  air.  The  moist  powder  becomes  perfectly 
dry  after  exposure  to  the  air  for  some  days,  giving  off  carbonic  acid  and 
being  completely  converted  into  ferric  oxide.  When  not  well  dried,  it 
oxidizes  quickly  in  the  air,  becoming  very  hot  and  giving  off  vapour  of 
water.  But  if  mixed  with  sugar  while  in  the  moist  state,  it  acquires  a 
coating  of  syrup  which  renders  it  more  permanent.  (Klauer.)  When 
treated  with  hydrochloric  acid,  it  rapidly  evolves  carbonic  acid.  (Cojnp. 
J.  A.  Buchner,  Daum,  L.  A.  Buchner,  Wittstein,  F.  W.  Schmid,  Rtpert, 
16,235;  41,  279  and  285;  61,210;  67,270;  Bollo,^^r/.  Ja/^rft.  33, 1,  124; 
F5lix,  Br,  Arch,  38,  149;  Wilkens,  Klauer,  Ann.  rharm,  10,  86; 
J  9,  129;  Vallet,  J.  Pharm.  24,  289.) 

h,  AcUlsalt,  Aqueotis  solution. — Formed  by  dissolving  the  normal  salt 
•^-or  metallic  iron,  which  dissolves  with  evolution  of  hydrogen — in 
aqueous  carbonic  acid,  out  of  contact  of  air.  The  colourless  solution, 
which  has  a  slightly  ferruginous  taste,  is  decomposed  with  precipitation 
of  hydratcd  ferric  oxide,  if  the  air  has  access  to  it  even  but  sparingly;  it 
yields  a  black  precipitate  with  hydrosulphuric  acid,  and,  according  to 
Ffaff,  a  purple  precipitate  with  tincture  of  galls.  According  to  Vauquelin 
{J.  Pharm,  13,  266),  the  black  precipitate  with  hydro^sulphuric  acid  is  not 
produced  till  the  solution  has  been  exposed  to  the  air  for  some  time;  it 
then  forms  as  the  carbonic  acid  escapes.  To  preserve  chalybeate  water 
in  vessels,  they  must  first  be  filled  with  carbonic  acid  gas,  then  filled 
below  the  surface  of  water  with  the  chalybeate,  and  lastly  corked  under 
water.  A  less  efRcieut  mode  of  preservation  is  the  introduction  of  iron- 
wire  or  of  4  grains  of  sugar.  In  sugared  chalybeate  water,  hydrosul- 
phuric acid  and  sulphide  of  iron  may  bo  detected  after  the  water  has 
been  kept  for  a  year.  (Bischof,  Schw,  57,  26;  J,  pr.  Chem.  1,  341.) 
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C.  Ferric  Carbonate  f — The  precipitate  thrown  down  by  alkaline  ctf^ 
bonatos  from  forroufl  salts,  contains,  after  thoron^h  washing  and  exposure 
in  thin  layers  to  the  moist  air  of  a  cellar  for  half-a-ycar,  71*4  per  cent  of 
ferric  oxide  (perfectly  free  from  ferrous  oxide),  S'S  carbonic  acid,  and 
20'0  water.  (Soubeiran,  Ann.  Chim.  Phys,  44,  326;  also  J.  Phamu 
16,  524.) — The  precipitate  formed  by  mixing  carbonate  of  potash  with 
nitrate  of  ferric  oxide  consists,  after  proper  washing  with  cold  water, 
of  hydrated  ferric  oxide,  perfectly  free  from  carbonic  acid.  (Om.) 

Iron  and  Boron. 

According  to  Arfvedson's  experiments,  no  such  compound  as  Boriie 
of  Iron  appears  to  exiwt  (vid.  IJ.,  100).  The  so-called  boride  of  iron 
which  Lassaigue  {J.  Chim.  Med.  «3,  535)  obtained  by  igniting  borate  of 
ferric  oxide  in  a  current  of  hydrogen  was  probably  a  mere  mixture  of 
iron  and  boracic  acid.  (Gm.) 

A.  Borate  of  Ferrous  Oxide,  or  Ferrous  Boratk. — Borax  added 
to  solution  of  ferrous  sulphate  throws  down  a  pale  yellow  powder,  which 
melts  before  tho  blowpipe  to  a  bead  (Scheele),  ancl  from  which  a  largo 

?[uantity  of  acid  may  he  extnicted  by  water.     According  to  Tiinnermann 
Kastn,  Arch,  20,  21),  the  precipitate  is  greyish-green,  and  gives  up  all 
its  acid  when  washed. 

B.  Borate  op  Ferric  Oxide,  or  Ferric  Borate. — Yellowish 
powder  insoluble  in  water:  when  heated,  it  turns  brown  and  afterwards 
fuses  to  a  glass.  (Berzelius,  Lekrh.) 

Iron  and  PitospnoRus. 

A.  PnospniDE  op  Iron. — a,  Fe*P. — Found  by  Bergman  (Opusc.  S, 
109)  and  Meyer  in  cold-short  iron,  and  regarded  as  a  peculiar  metal,  for 
which  the  name  SUlenim  or  llydromlerum  was  proposed:  it  was  after- 
wards recognized  as  phos^phidc  of  iron  by  Meyer,  Klaproth,  and  Sclicele. 
— 1.  Prepared  by  passin;;  plio.sphorus  vapour  over  red-hot  iron  filin<^,  or 
throwing  pieces  of  phosphorus  upon  them.  (Hatchett.) — 2.  By  igniting 
iron  filings  with  an  equal  weight  of  glacial  phosphoric  acid,  either  with 
or  without  -^V  part  of  charcoal  <lust.  (Pelletier.)  Or  by  exposing  8  parts 
of  iron  filings,  10  bone-earth,  5  fine  (piartz-saud,  and  1  charcoal-powder 
to  a  heat  sufficient  to  molt  the  silicate  of  lime.  (Wohler.) — 3.  By  igniting 
phosphate  of  ferrous  oxide  with  J-  its  weight  of  lamp-black.  With  a 
larger  quantity  of  lamp-blaek,  a  mixture  of  ])h()sphide  an«l  carbide  of  iron 
is  obtained  (the  latter  may  be  dis.solved  out  by  hydrochloric  acid);  but 
half  of  the  jdiosphorus  always  volatilizes  during  the  operation.  (Berzelius.) 

Colour  dark  steel-grey  (H.  D.ivy);  white,  streaked  on  the  fractured 
surfaces  (Hatchett).  Pulverizable;  specific  gravity  0*7.  According  to 
Hatchett,  it  is  magnetic  and  may  be  made  polar.  According  to  Berzelius, 
on  the  contrary,  it  is  non-magnetic;  hard  and  susceptible  of  polish; 
britths  with  granular  fracture;  sometimes  crystallizes  in  prisms  after 
fusion;  fuses  much  more  easily  than  cast-iron. 

Berzelius  (3.)        Pelletier  (2.) 

4Fe    1080     ....     77-47         76805         ....         80 

P    31-4     ....     22-53         23195         ....         20 

Fc'P 139-4     ....  100-00        [^iZ       100-000        Z       lOo" 
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Whan  fused  before  the  blowpipe,  it  slowly  becomes  covered  with  a 
'w  ihw  of  phosphate  of  iron,  and  gives  up  its  phosphoras  but  slowly, 
*^  in  the  inner  name.  Not  attacked  by  cold  hydrochloric,  sulphuric, 
>ttrie,  or  nitro- hydrochloric  acid.  Dissolves  but  slowly  in  strong  nitric 
V oitro-hydrochloric  acid:  the  former  solution,  if  formed  from  4  parts  of 
pko^hide  of  iron,  leaves  on  evaporation  6*5  parts  of  ferric  phosphate* 
(Baieliua.) 

6.  TvHhikirds  Phosphide. — Fe'P. — Formed  by  passing  phosphuretted 
hydrogen  gas  over  gently  heated  iron  pyrites: 

3FeS2  +  2PH»  =  Fe^ps  +  6HS. 

The  puhnernlent  compound  gives  a  phosphorus  flame  before  the  blowpipe. 
It  dissolves  in  nitric  acid  and  aqua-regia;  but  not  in  hydrochloric  acid 
even  when  concentrated.  (H.  Rose,  Po^r^,  24,  333.) 

H.  Rose. 


SPe 810     ....     56-33        5687    —    5492 

2P  62-8     ....    43-67        43*13    —    45-08 

Fe»P* 143-8     ....  100-00        ZZ       100*00    —  10000 

B.  HrpopHospniTE  op  Ferrous  Oxide,  or  Ferrous  Hypophosphite. 
—-Iron  dissolves  in  aqueous  hypophosphorous  acid  out  of  contact  of  air, 
with  evolution  of  hydrogen  gas.  The  solution  evaporated  in  vacuo  yields 
a  light  green,  crystalline  mass  which  when  heated  in  a  retort  behaves  like 
the  zinc-salt.  (H.  Hose,  Po^g,  12,  294.) 

C.  Hypophosphite  op  Ferric  Oxide,  or  Ferric  Hypophosphite.— 
Hydrated  ferric  oxide  dissolves  sparingly  in  the  cold  acid;  but  without 
redaction  to  the  state  of  ferrous  oxido,  and  forms  a  white  salt  which  is 
difficultly  soluble  in  the  free  acid,  and  when  heated  gives  off  easily 
inflammable  phosphuretted  hydrogen.  On  boiling  the  hydrated  oxide 
with  the  acid,  a  solution  of  ferrous  hypophosphite  is  obtained,  while  ferric 
phosphate  is  precipitated. 

D.  Phosphite  op  Ferrous  Oxide,  or  Fehrous  Phosphite. — Formed 
by  precipitating  green  vitriol  with  torchioride  of  phosphorus  dissolved  in 
water  and  neutralized  by  ammonia — washing  the  precipitate,  which  is 
white,  but  soon  acquires  a  slight  greenish  colour,  with  boiling  water — and 
drying  it  in  vacuo.  During  this  treatment,  the  superficial  portions 
become  oxidized  and  converted  into  brown-red  basic  phosphate  of  ferric 
oxide.  The  flit  rate,  when  kept  in  a  close  vessel,  deposits  a  small 
additional  quantity  of  the  salt,  and  then  becomes  slightly  turbid  on 
boiling. — The  dried  salt,  when  ignited  in  a  retort,  gives  off  pure  hydrogen 
gas  with  incandescence  and  leaves  diphosphate  of  ferrous  oxide.  The 
residue  contains  (besides  0*12  p.  c.  of  a  black  phosphorous-conipound 
insoluble  in  hydrochloric  acid)  53'G5  per  cent,  of  ferrous  oxido  and  46'35 
phosphoric  acid.  (H.  Rose,  Pogg,  D,  35.) 

E.  Phosphite  of  Ferric  Oxide,  or  Ferric  Phosphite. — Terchlorido 
of  phosphorus  mixed  with  water  and  ammonia  yields  with  double 
snlphate  of  ferric  oxide  and  ammonia,  a  white  precipitate  soluble  in 
exccJ«s  of  the  iron -salt;  this  |)recipitate  must  be  washed  with  cold  water 
and  dried  in  vacuo.  The  liquid  Altered  from  the  precipitate  deposits, 
after  long  standing,  a  largo  additional  quantity  of  the  salt,  of  a  white 
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colour. — The  white  salt  when  heated  to  redness  in  a  retort,  exhibits  a 
glimmering  light,  gives  off  hydrogen  gas — which  contains  phosphonu 
and  therefore  gives  a  precipitate  witii  silver-solution,  bu t does  not  take  fire 
spontaneously  in  tho  air — and  leaves  a  white  residue  dotted  with  black 
specks.  These  spots  are  due  to  the  presence  of  a  small  quantity  of  t 
black  phosphorus-compound  amounting  to  0*9  per  cent.;  the  nydrochloric 
acid  solution  of  the  residue  yieldifi  a  quantity  of  ferric  oxide  amounting 
to  52'4G  per  cent,  of  that  residue,  in  wLich,  however,  it  existed  partly  in 
the  state  of  ferrous  oxide.  (H.  Rose.) 

F.  Phosphate  op  Ferrous  Oxide,  or  Ferrous  PnospUATE.— 
a,  Terhasic. — Found  in  the  hydratcd  state,  as  Bln^  Ironware  or  VivianiU, 
**  Crystalline  system,  the  oblique  prismatic.  Fig,  81,  82,  and  other  forms. 
n'  :  u  =  Ur  6';  i  :  m=  V25  IS';  Sp.  gr.  26.  Softer  than  calcspw. 
Indigo-blue,  producing  a  light  blue  powder;  transparent,  with  a  pearlj 
lustre.  Fuses  very  readily  before  the  blowpipe,  with  intumescence  and 
loss  of  water,  forming  a  grey,  shin  in  ir,  magnetic  bead,  and  inij)arting  t 
bluish-green  colour  to  the  flame.  Hoiling  potash-solution  extracts  phoB- 
plioric  acid  from  it  and  turns  it  black.  Kasily  soluble  in  hydrochloric  or 
nitric  acid. 

Earthy  Phosphate  of  Iron,  or  lUxie  Iron-earth,  appears  likewise  to 
belong  to  this  head;  as  this  mineral  is  often  white  when  first  dug  up  and 
afterwards  turns  blue  on  exposure  to  the  air,  it  is  probable  that  the 
blue  colouring  is  due  to  the  presence  of  a  certain  quantity  of  ferric 
phosphate. 

3FtO,cPO^-|-8A(|.  fl.  b,  c.  d,  c.  f,  g. 

aFe()....1030  ....  'V1'21  ....  41-23  ....  410  ....45  ....  42*05  ....  48-79  ....  42  ....  430 

PO^     ...   71-4  ....  28-75  ....  31*18  ....  26*4  ....  21  ....  24*00  ....  ....  28  ....  23-1 

81IO....  720....  28-98  ....  27*48  ....  31*0  *..  34  ....  2500  ....  26*26  ....  26  ....  32*4 

Sand  700  ....         Mould   4 

AI-0-*.  0-6 ;— Mn=C>»,  0*3     09 

248*4  ....100-00  ....  99*89  ....  984  ....100  ....  99*55  ....  ...100  ....  99*4 

a,  Vivianxtc  from  St  Agnes  in  Cornwall,  according  to  Stromcyer.— 
h.  From  Bodenmais,  according  to  A.  Vogel. — r.  From  the  Isle  of  France, 
according  to  Fourcroy  &  Laugier. — d.  From  the  Mullica  Hills,  New 
Jersey  (the  so-called  MuUiciU'^,  according  to  Thomson. — e.  From  Kertsch, 
in  the  Crimea,  according  to  Segeth.  — /.  Blue  Iron-earth  from  the 
Hagenbruch,  near  Brunswick,  according  to  Wiegemann. — g.  Blue  Iran^ 
earth  from  Alleyras,  according  to  Bcrtliier. 

A  pit  in  a  town  had  been  filled  for  centuries  with  heaps  of  bones^ 
woo<l,  gneiss,  &c.  On  the  carbonized  pieces  of  wood,  and  likewise  on  the 
micaceous  laminn>  of  the  gneiss  which  contained  iron),  but  not  on  tho  other 
constituents  of  it,  were  tccn  white  crystals  of  ferrous  phosphate  which 
turned  blue  on  exposure  to  the  air. — Iron  plates  immersed  in  aqueous 
phosphate  of  ammonia  become  covered  with  white  crystalline  ferrous 
phosphate. — If  the  arm  a  of  the  bent  tube  {App,  4)  contains  solution 
of  blue  vitriol,  together  with  a  copper  rod,  the  arm  6  containing  phosphate 
of  soda  with  an  iron  rod,  and  if  the  two  liquids  are  separated  at  h  by 
moist  clay,  and  tho  iron  is  placed  in  connexion  with  the  copper,  white 
crystalline  nodules,  which  quickly  assume  a  fine  blue  colour  on  exposnre 
to  tho  air,  nre  formed  upon  tlic  iron.  (Becquerel,  Ann,  Chim,  Phys,  54, 
140.) — IF  Some  iron  nails  found  in  tho  stomach  of  an  ostrich  and  partly 
"avcloped  in  black  animal  matter,  became  covered^  after  several  daja' 
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esposnre  to  the  air,  with  blue  spots,  which  apworeJ  to  arise  from  the 
fonnatioQ  of  tripho9[)hat«  of  ferrous  oxide  (Yivianite).  (Schloasberi^er, 
Ann.  Ck.  Pharm.  62,  382.)  Hardinger  <^J.  pr.  Chtm..  44,  81)  mentions 
the  occurrence  of  crystallized  Vivianite  in  the  hollow  of  a  bone  in  the 
skeleton  of  a  miner  found  in  an  old  working  at  Tarnowitz.  H 

b.  Bibasie  f — Ordinary  diphofiphate  of  soda  gives  a  white  precipitate 
with  ferrous  Bolts.  The  precipitate  acquires  a  dirty  hluish-green  colour 
im  exposure  to  the  air.  It  fuses  readily  before  the  hlowpipe,  and  solidi- 
fies in  a  crystalline  mass  on  cooling  :  it  is  not  reduced  to  the  state  of 
phosphide  of  iron  when  heated  on  charcoal  alone,  but  only  on  the  additioa 
of  carbonate  of  soda,  (Borzelius.)  It  is  insoluble  in  water  and  in  ammo* 
niacal  salt^,  hut  dissolves  in  aqueous  acids  and  in  ammonia.  The  solution 
in  ammonia  is  of  a  dingy-yellow  colour;  and  when  exposed  to  the  air, 
exhibits  first  a  greenish,  and  then  a  brownish  turbidity. 

e.  Acid  Phogphate. — Aqueous  phoeplioric  aoid  dissolves  iron  with 
evolation  of  hydrogen  gas,  forming  an  acid  salt  at  first,  but  afterwards 
the  more  neutral  salt  is  deposited  m  the  form  of  a  greyish-white  substance. 
[Scheele.)  The  solution  yields,  with  ammonia,  a  greenish  precipitate, 
luble  in  excess  of  ammonia.  (A.  Vogel.) 

G.   Pvii I) PHOSPHATE  OP   Ferrous   Oxide,   or  Ferrous   Ptbo- 

BATE. — A  ferrous  salt  mixed  with   pyrophosphate  of  soda  yields  a 

amorphouii  precipitate,  which,  when  exposed  to  the  air,  imjuediittely 

IS  green,  and  afterwards  brown.  (Schwarienherg,  Ann.  Pharm..  65, 

)i 

Phosphatb  op  Ferric  Oxide,  or  Ferric  Phosphatg. — a.  Polj/- 
-Remains  in  the  form  of  a  rod-brown,  somewhat  fusible  powder, 
ie  sesqui phosphate  is  boiled  witJi  caustic  potash,    (Fourcroy  & 
luqoelin.) 

Jiimonile,Boff  Iron-ore {Raifneiienslein,  Sumpfin,  Wieientn). — Brown, 

eonchoidal  fracture,  fusing  at  the  edges  before  the  blowpipe.     A 

:tiire  of  bibasic(  I)  phosphate  of  ferKc  oxide,  'silicate  of  ferric  oxide, 

ike  ferric  oxide,  hydratcd  ferric  oxide,  quartz-aand,  &c.  in  Yariahle 

irlions.     The  quantity  of  phosphoric  acid  in  it  varies  from  1-8  tcr 

per  cent. 

Bibasie. — «.  Ore  from  the  Dpt.  do  la  Haute  Vlenno.     firown  needles 

iged  in  radiated  masses,  producing  an  olive-green  powder,  and  fusing 

the  blowpipe  to  a  black  opaque  glass.  (Vauquelin,  Ann.  C'/tim, 

30,  202.)     Of  similar  nature  is  Green  Iron-ttone.  (Karaten,  in  hia 

,15.  2U.) 

V(iU(|aclia.         KkhIfii. 

1560    „..     C132         SC-20      ....       634* 

676 

71-i     .,.,     28-07         2J-84      ....      27-71 

9B0    27-0     ....     I0'61 9-20      ....         «■&& 

.SP«H)»,  PC  +  3Aq.      2&4-4     ....  10000         ZZ      lOO'OO      ~      99*7* 

0.  Ore  from  Berneait,  in  the  district   of  Liege.     Kidney-slmped,  wit'- 
ichoidal,  waxy  fracture.     Sp.  gr.  1  -85.    Blackish,  redclish^  op  yell 
irown;  yields  a  brownish -yellow  powder.     Translucent  at  tf  /  ^*  ~ 

Beoropitates  before  the  blowpipe,  and  yields  a  crev  "  ^'^HP'?*'' 
Falls  to  pieces  in  water;  easily  soluble  in  dilute  hy^"'_«j'f%ii     "" 
iTaux,  Bull.  A  CAead.  deBrwcelUt,  1838, 147iDnmo-i^f*^<^H\tt^j*^^^w 
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In  the  analyses,  an  admixture  of  10  or  11  per  cent,  of  carbonate  of  lime 
and  between  0*5  and  3*6  of  silica  has  been  deducted. 

DeWaux.)  Dunu>nt. 

Approximate  Calculation.  Black-brown,    Red-brown. 

2Tt?Cfl    15G-0     ....     38-2y       ....       40-44     ....    36-62       ....       34-19 

PO*     71-4     ....     17-53       ....       18-20     ....     16-57       ....       16-04 

20HO 180-0     ....     4118       ....       41-13     ....     46-81       ....       4977 

2F«^O'Tp6^  +  20Aqr~407-4'~T..  loO-OO       Z       99*77     ....  10000       ....     10000 

Beraunite,  which  cry>>tallizos  in  ill-defined  rhombic  prisms,  contains  a 
tolerably  lar^c  quantity  of  water,  together  with  ferric  phosphate  free  from 
ferrous  "oxide.  Sp.  gr.  2-.s7H.  Colour,  hyacinth-red;  trauslucent,  with  a 
pearly  lustre.  Fusea  readily  before  the  blowpipe,  and  dissolves  easily  in 
hydrochloric  acid,  leaving  only  a  trace  of  silica.  (Brcithaupt  &  Plattncr, 
/  pr.  Chem.  20,  60.) 

On  KarphoHJerite,  vid.  Brcithaupt.  (Schw.  50,  314.) 

Mrlanchlore  from  Kabenstein,  which  has  a  density  of  S'dS,  fuses  readily 
before  the  blowpipe  into  a  black  magnetic  l)ead,  and  is  easily  soluble  in 
warm  hydrochloric  acid.  Contain.s,  besides  impurities,  about  3-87  per 
cent,  of  ferrous  oxide,  38*9  ferric  oxide,  and  from  25*5  to  30*3  phosphorio 
acid.  (Fuchs,  J.  pr.  Client.  17,  171.) 

c.  Sesfjiiipkosphate. — By  precipitating  sesquichloride  of  iron  with 
ordiimry  diphosphate  of  soda: 

21VC13  +  3(2NuO, cP05)  z=.  2F(r03, 3cP03  +  6NaCl. 

This  calculation,  however,  is  not  in  accordance  with  A.  Vogel's  analysis, 
which  gives  37  per  cent,  ferric  oxide,  38  acid,  and  24  water.  The  white 
flocculent  precipitate  retains  its  colour  when  dry;  but  at  a  red-heat  it 
gives  off  water,  turns  yellow,  and  afterwards  fuses  to  a  grey  bead.  (Beiv- 
nian,  Opti^c.  3,  118.)  With  carbonate  of  soda  upon  charcoal,  it  yields 
phos])hide  of  iron.  (Berzelius.^  Caustic  potash  immediately  colours  the 
precipitate  red-brown,  by  withdrawing  the  greater  part  of  its  acid,  but 
does  not  dissolve  any  ferric  oxide.  Ammonia  exhibits  the  same  reaction, 
provide<l  no  phosphate  of  soda  i.s  present  in  excess;  in  the  latter  case,  the 
ammonia  turns  the  preci]>itate  hrown  an<l  then  dissolves  it,  forming  a  red- 
brown  solution.  The  ammoniacal  solution  remains  clear  when  mixed 
with  ferrocyauidc  of  potassium,  but  yields  Prussian  blue  on  the  addition 
of  an  acid.  (H.  Rose,  Pogrf,  43,  587.)  The  salt  can  only  be  separated 
from  the  ammoniacral  solution  by  evaporation.  (Dbbereiner,  Schw.  26, 
271.)  Carbon«ato  of  ammonia  likewise  dissolves  the  precijiitate.  (Berze- 
liufi,  Pofjg,  21  y  131.)  When  immersed  in  carhonate  of  soda,  it  slowly 
acquires  a  re<l- brown  colour,  an<l  dissolves  partially  in  a  large  excess  of 
the  liquid.  (II.  Rose.)  The  salt  dissolves  in  1500  parts  of  boilin.?  water, 
and  easily  in  dilute  acids.  (Bergman.)  It  docs  not  dissolve  in  cold  acetic 
acid,  or  in  aqueous  ammoniacal  sjilts.  (Wittstein,  Repert.  63,  224.)  The 
freshly  precipitated  salt  dissolves  slowly  in  warm  aqueous  sulphurous  acid 
or  sul))hite  of  ammonia,  the  ferric  oxide  being  reduced  to  the  state  of 
'-•'•ous  oxide.  ( Berth icr.) 

nioii  BiphoBpJwte  ? — The  solution  of  the  salt  c  in  aqueous  phosphoric 
crystiibeu  kept  for  a  year  in  close  vessels,  yields  small,  translucent,  taste- 
to  tho  au.liavlng  a  vitreous  lustre  (sometimes  with  a  pale  n)se-colour, 
149.) — T  ScTi^  Incidental  presence  of  manganese).  When  heated,  they 
mrelopei  in  blAi^n^  ^  dirty  white,  opaque  mass,  which,  at  a  bright 


ed  hoat,  Tuaea  to  a  grey  slag.     They  are  iaeolable  in  water,  bat  diasolTB 
In  mDmonia,  fonuing  a  reil  solution,  and  very  easily  in  hydroehloFic  acid, 
a  light  brown  Eolation.  (Winckler,  Repert.  38,  107.) 
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T  I.  PvROPHOBPHATB  OP  Ferric  Osidb,  or  Ferric  Ptrophosphatb. 
■ — Obtained  by  dissolving  sublimed  sesi^ui chloride  of  iron  iu  vater,  nxA 
precipitating  by  phosphate  of  soiia;  the  supernatant  liquid  is  neutral. 
Nearly  white  powder,  liaving  a  slight  yellowish  tinge,  which  deepens  at 
100°,  and  beuuoica  lighter  again  after  ignition.  Dissolves  in  acids  and  id 
phosphate  of  soda,  likewise  in  ammonia;  in  the  latter  it  forms  a  ycUow 
•olotioD.  Insoluble  in  hydrochloric  acid,  sulpbarous  acid,  and  sal- 
On  dissolving  it  in  hydrochloric  acid  without  boiling,  and 
|wedpitatiug  by  ammonia,  the  precipitate  dissolves  completely  in  excess 
of  ammonia.  Carbonate  of  ammonia  dissolves  it,  forming  a  coloorless 
I,  whereas  tha  ordinary  phosphate  forms  a  yellow  solution.  It  la 
OOinplet«ly  decomposed  by  fusion  with  a.  mixture  of  carbonate  of  soda  and 
eubooate  of  potash.  The  salt,  after  drying  at  100°,  lost  by  ignition 
I7'06  p.  0.  of  water,  and  tho  ignited  salt  was  found  to  contain  41'7 
P«K)'  +  58'3  PO^  These  niunbers  aecord  with  the  formula  2Fe'0',36PO» 
+»Aq. 

Acid  Msqiuchloride  of  iron,  precipitated  by  pyrophosphate  of  soda, 
tlda,  not  pyrophosphate  of  ferric  oxide,  but  an  ordinary  pbosphate, 
itaining  1  atom  of  base  to  1  atom  of  acid;  in  100  parts  :  61-6G  Fe^+ 
■34  PO',  This  salt,  when  boiled  with  ordinary  phosphate  of  soda,  does 
'.  yield  pyrophosphate  of  soda,  as  is  the  case  with  the  preceding, 
[fiehwarzenberg,  Ann.  PlKina.  65,  153.) 

K,  Metaphosphate  of  Ferric  Oxide,  or  Ferric  Metafbospbatb. 
'Formed  by  mixing  scsqui chloride  of  iron  with  exoesa  of  dilute  phos- 
M>ric  acid,  evaporating  to  dryness,  and  heating  the  residue  in  a  platinam 
{Mole  to  316'.  White  powder,  insoluble  in  water  and  in  dilute  acids, 
it  soluble  in  strong  sulphutie  acid.  Contains  26'35  per  cent,  of  Fe'O*, 
Tvniondiag  to  the  formula,  Fe'0',3P0'.  (Maddrell,  Ann.  Fharm.  01, 

Iron  and  SrLPHCH. 

A.  Oke-kigiith  Splpoide  op  Iron. — Formed  by  passing  hydrogen 
a  over  red-hul  disnlphate  of  ferric  oxide;  water  is  formed,  sulphuroiw 
\i  snd  a  large  quantity  of  hydroeulphuric  acid  given  off, — and  there 
m^a  fl9'32  partB  of  sulphide  of  iron  for  every  100  parts  of  the  dry  salt 
ed.  Blackish -grey  powder,  producing  a  grey  metallio  streak.  Contains 
'  part«  of  iron  to  2  pte.  anlphur.  When  treated  with  dilnte  acids,  it 
lids  7  volurooB  of  hydrogen  gas  to  1  volume  of  sulphuretted  bydrogea. 
Ltfvodson,  Poag.  1,  72.) 

B.  DtsuLPtttDE  OF  Iron. — 100  parts  of  anhydrous  sulphate  of  ferrons 
t«,  dccompDsei]  by  hydrogen  gas  at  a  rod  heat,  yield  at  first  sulphurous 

«ad  water,  tbou  hydrosulphuric  acid,  and  leava  W'T-V  yoirta  <il  Smj^ 
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phide  of  iron.  Dark  gtcy  powder  ag^rrcgated  in  lamps,  strongly  attracted 
by  the  magnet;  contaiiiH  27  iron  to  8  eulphnr.  Hydrosnlphuric  acid  gas, 
passed  over  it  at  a  red-beat,  converts  it  into  the  sulphide  of  iron,  corres- 
ponding to  magnetic  pyrites,  whereby  35  parts  are  increased  to  45^ 
Dissolves  in  aqueous  acids,  with  evolution  of  4  vol.  hydrogen  gas  to  1  vol. 
hydrosulphuric  acid.  When  a  mixture  of  20  parts  protosulphide  of  iron 
and  12  of  iron  wire  is  fused  in  a  charcoal  crucible,  2  layers  are  formed, 
the  lower  of  which  is  cast-iron  contain in;^  2*5  per  cent,  of  sulphur — ^from 
admixture  of  sulphi<lc  of  iron — while  the  upper  layer  consists  of  proto- 
sulphide of  iron  mixed  with  a  small  quantity  of  cast-iron,  often  distin- 
guishable by  the  eye.  (Berthier,  Ann.  Chim,  Phys,  22,  241.)  Perhaps 
the  presence  of  carbon  hindered  the  formation  of  a  lower  sulphide;  for, 
according  to  Berzelius,  protosulphide  of  iron  dissolves  metallic  iron  at  a 
strong  heat,  producing  a  lower  sulphur-compound. 

C.  PROTOSULPniDE  OF  I  RON,  or  Ferrous  Sulphide. — Occurs  in  small 
quantities  in  many  meteorites;  sometimes  formed  by  the  reducing  action 
of  putrefying  organic  bodies  on  ferrous  sulphate  contained  in  well- 
waters, — ^but  under  such  circumstances  it  is  always  mixed  with  a  higher 
sulphide.  (Berzcliuf?.)  Heated  iron-wire  burns  vividly  in  sulphur  vapour 
(II,  221).  A  mixture  of  iron-filings  and  sulphur  glows  vividly  when 
heated.  Sulphur  pressed  against  rod-hot  bar-iron  (not  cast-iron)  per- 
forates it  by  forming  sulpliide  of  iron.  (Evain,  Anii.  Chim,  Phys.  25, 
106;  also  Schiv,  43,  300.) — Preparation.  1.  Iron-plate  cut  into  strips  is 
gently  heated  in  a  covered  crucible  with  sulphur  not  in  excess,  and  the 
resulting  sulphide  separatcil  by  bending  the  iron.  Sulphide  of  iron  thus 
obtained  is  free  from  excesH  of  sulphur.  If  the  heat  applied  is  too 
strong,  the  sulphide  fuses  together  with  the  remaining  iron;  if  the  sul- 
phur is  in  excess,  magnetic  pyrites  is  formed.  (Berzelius.) — 2.  By  ignit- 
mg  iron-filings  with  two-thinls  their  weight  of  sulphur  in  a  coveied 
earthen  or  cast-iron  crucible.  The  inm-filinga  are  either  disposed  in  a 
layer  above  the  sulphur  or  the  two  are  mixed  (II,  221,  a  and  b).  In 
either  caf^e,  the  crucible  is  surrounded  and  covered  with  dead  coals,  and  a 
few  live  coals  laid  upon  the  to]);  as  soon  as  the  whole  is  red-hot,  the 
door  of  the  furnace  is  cloHcd.  (Proust,  J,  Phf/s.  91,  271.) — 3.  Sulphur  is 
held  against  a  red-hot  iron-bar,  and  the  sulphide  of  iron,  a^  it  runs  off, 
allowed  to  drop  into  water;  or  a  bar  of  iron  is  repeatedly  heated  to 
whiteness  and  dipped  into  melted  sulphur  contained  in  a  cast-iron  crucible 
and  frequently  renewed.  (Gahn.) — 4.  A  finely  divided  mixture  of  scale- 
oxide  of  iron  and  sulphur  is  heated  to  redness. — 5.  Iron  pyrites  is  heated 
to  redness,  either  alone  or  with  a  small  quantity  of  iron-filings.  The 
methods  2,  3,  4,  and  5  may  likewise  yield  the  following  sulphur  com- 
pound, corresponding  to  magnetic  pyrites;  but  when  sulphide  of  iron  is 
heated  till  it  fuses,  the  residue,  according  to  Bredberg,  always  consists  of 
protosulphide  of  iron. — 6.  By  igniting  anhydrous  ferrous  sulphate  in  a 
crucible  lined  with  charcoal.  The  product  contains,  however,  only  34 
per  cent,  of  sulphur,  likewise  more  or  less  carbon.  (I^erthier,  Ann,  Chim. 
Phya.  22,  241.) — 7.  By  igniting  1  part  of  iron-filings  with  1  part  of 
charcoal-powder  and  4  parts  of  lead-sulphate,  whereby  metallic  lead  is 
obtained  at  the  same  time.  (Fischer,  JV.  Tr,  6,  1,  298.)  —  Yellow,  with 
metallic  lustre;  yields  a  yellowish  powder;  it  is  attracted  by  the  mag- 
net. The  protosulphide  obtained  by  fusing  iron  pyrites  is  less  hard 
than  the  bisulphide,  and,  on  exposure  to  the  air,  crumbles  to  a  bulky 
powder  which  emits  a  disagreeable  odour  when  touched  with  wet  hands. 


Hydrated  Praloavlphidt  of  Iron,  or  ffydrvaulphaU  of  Ferrotu  (Mdt. 
1.  Alkftlino  Ljrilrosulphatc^  fonu  with  ferrous  salts  a  black  flomnlent 
preci pittite. — '2.  Tnentv-scvcu  parte  of  iron-filiugs  aaj  IG  ports  of  Bulplrar 
mfuJe  ioto  &  paate  witL  water,  and  kept  out  of  conttut  of  ftir,  ttggrentte 
into  a.  blii«k  mass,  with  strong  evolntioo  of  hvat;  thia  eSWt  takes  |ll>«e 
more  quickly  on  the  ^plicatioD  of  heat. — 3.  In^i-SliiigB  in  contact  with 
aulphuretted  hydrogen  water  liberate  hydrogen  gas  almMt  froe  trom 
Bolphur,  ftnd  tarn  black;  port  of  the  resulting  hydrosulphato  of  ferroiu 
oxide  diseotves  in  the  water.  (Vauqneliu.) — The  black  compODod  oiidatea 
qnickly  ia  the  air,  forming  wal«r,  fenio  oxide,  and  salphur  or  snlphutie 
aeid;  and,  even  if  it  be  kept  for  several  weeks  before  being  exposed  to 
the  air,  the  action  ie  attended  with  an  evolution  of  bent,  which,  if  t^ 
mass  la  considerable,  may  even  produce  inflammation.  The  A  rlijicial 
Vo/eano*  oj  Lemery  are  fomed  by  mixing  several  pounds  of  iron-filing 
with  4  to  f  of  its  weixht  of  sulpbur,  making  the  mixture  into  a  pastt 
with  water,  and  burying  it  in  the  ground. — Hydnited  protosulphioe  of 
iron  decomposes  the  saJta  of  cad  mi  um,  lead,  copper  and  stiver,  preoipitkt- 
ing  the  metale  as  sulphides.  (Antlion.) — It  dissolves  in  dilute  acids  mnoh 
mure  ifulokly  tlian  the  sahydroiis  sulphide,  and  witb  violent  ovolation  of 
Bulnhuretteu  hydrogen. — It  dissolvea  in  small  quautity  in  water  (esp«- 
ciully  in  hut  water:  BfrteUv*),  forming  a  solution  which  has  a  dark  greea 
colour  aud  inky  taste.  (Vanquelin.  &her.  J.  6,  63;  also  Gilb.  9,  42.) 
The  presence  of  hydrosulphurie  acid  or  hydroeulpha.te  of  ammonia  in  the 
water  prevents  the  solution;  and  any  sulphide  of  iron  previously  disaolved 
in  pure  water  is  precipitated  oo  the  addition  of  hydrosulpbat«  of  ammonia 
and  the  application  of  heat  (Derzeliua.)  Acoording  to  later  in  veatigations 
of  ViMiquelin  (J.  Pharm.  18,  2G6),  iron-filings  and  sulphuretted  hydrogen 
water,  placed  together  in  a  close  vessel  for  four-and -twenty  hours,  yield, 
after  filtration,  a  oolonrless  solution  which  black»ns  quickly  on  oxpusiuc 
!«  the  air.  Acoording  to  0.  Henry  {J.  Pham.  34,  1 1 8),  wlieu  a  solulioa 
«f  green  vitriol  is  precipitated  with  excess  of  aqueous  sulphide  of  calcimn, 
a  small  quantity  of  iron  still  remains  dieaolred. 

The  black  mud  at  the  bottom  -of  drains  contains  bydrated  salphid*  of 
iron,  probably  formed  by  the  putrefaction  of  organic  substances  in  contact 
witb  the  ferric  oxide  of  earrhy  matters,  and  to  this  it  owes  its  black 
oolonr  and  peculiar  smell.  Hence,  when  exposed  to  the  air,  it  loses  ila 
odour  and  colour,  and  afterwards  resembles  ordinary  vegetable  motiliL 
With  hydrochloric  acid  it  evolves  abundance  of  sulphuretted  hydrogen; 
to  boiling  potash  it  gives  up  sulphuretted  hydrogen  together  witb  orgaais 
matter.  The  black  colour  of  the  eoil  in  privies,  pits,  ponds  aud  mocaasw, 
ftnd  of  the  sand  between  the  pavement  of  streets  [also  of  fffioee  after  tbs 
administration  of  medicines  containing  iron]  is  likewise  dne  to  hydnite^t 
BQiphide  of  iron.  (Braconnot,  Ann.  Chim.  Phyt.  50,  213.) 

D.  EiflHT-BBTENTHe  Sulphide  op  Irow.— Found  native  in  the  form 
of  MagnelU  Pyrites.  This  mineral  crystallizes  in  forms  belonging  to 
the  hexagonal  system,  /"t^s.  132,  135,  136,137,  138  aud  others,  p-.r 
(Fiff.  132)  =  102°  13';  p  :r  (Fig.  136)=105°.  Cleavage  parallel  to  p. 
Harder  than  calospar;  sp.  gr.  4'5  to  4'7;  brittle;  with  conchoidal  frac- 
ture. Colour  varying  from  bronze-yellow  to  brown;  jwwder  greyish- 
hlack.  Acted  on  by  the  magnet,  and  often  itself  magnetic.  Accordinv 
lu  Beraelius,  it  docs  not  give  off  sulphur  when  ignited  out  of  contact^  i 
tit,  Fuaes  on  obarcoal  before  tlie  blowpipe,  f(mning  a  greyish-hl 
MTOBgly  magnetic  ghbaie,    AVbeti  roasted  in  the  state  of  fine  powA 
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is  oonTerted  into  pnre  ferric  oxide.  When  ignited  in  a  cnrrent  of  hydro- 
gen gas,  it  loses  so  much  salphur  that  it  is  converted  into  the  proto- 
Bulphide.  (The  same  result  was  obtaiiuMi  by  Plattncr,  7'o/7.7.  47,  3G9.) 
It  likewise  gives  up  its  excess  of  sulphur  to  boiling  caustic  potash,  while 
a  mass  resembling  the  hydrated  proto.sulphide  remains  behind.  (Count 
SchafTgotsch,  Pogg,  50,  533.)  When  heated  to  whiteness  in  a  charcoal 
cracible,  it  diminishes  in  weight  but  slowly.  It  exhibits  the  same  decom- 
positions as  the  protosulphide,  excepting  that,  when  it  is  dissolved  in 
dilute  hydrochloric  or  sulphuric  acid,  not  only  is  hydrosulphuric  acid 
gas  evolved,  but  sulphur  is  likewise  precipitated  in  the  form  of  powder. 
(Stromeyer.)  The  seimrated  sulphur  is  dark  grey,  because  it  contains 
vndecomposed  sulphide  of  iron.  (Schafigotsch.) 

According  to  Berzelius,  the  same  compound,  and  not  the  proto- 
ralphide,  is  formed  by  igniting  iron  or  tlie  scale-oxide  with  excess  of 
snlphur,  by  heating  iron  pyrites  to  redness,  and  by  igniting  the  one-eighth 
salfihide  or  the  disulphide  of  iron  in  hydrosulphuric  acid  gas.  — The  arti- 
ficial compound  is  brownish  bronze-yell(;w  and  susce]>tiblo  of  magnetic 
action,  and,  according  to  Hatchett  {GUI,  25,  58),  may  likewise  be  ren- 
dered permanently  magnetic. 

Schaffgotfch.       H.  Kose.  Stromeyer. 

Magnetic  Pyriteg,  Bodcnmnis.  IVcatburg. 
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For  inalyteB  of  magnetic  pyrites,  in  which  a  small  part  of  the  iron  is  replaced  by  nirkel, 
vid.  Th.  Schcerer  {Fogg,  58,  318),  and  Berzelius  (Jahresber,  21.  2, 184). 

E.  Sesquisulpiiide  op  Iron,  or  Ferric  Sulphide.— 1.  Formed  by 
heating  proto^iulphide  of  iron  mixed  with  sulphur  to  very  low  redness, 
till  the  excess  of  sulphur  is?  expelled.  (Proust,  IScher.  J,  10,  54;  also  Gilb, 
25,  54.  Bucholz  6t  Gehlen,  N.  GdiL  9,  21>l.)— 2.  By  passing  hydrosul- 
phuric acid  gas  over  ferric  oxide  heated  not  ahove  100",  as  long  as  water 
continues  to  be  formo<L  Tiio  transformation  ^ocs  on  without  any  altera- 
tion of  form;  the  artificial  hydrated  soMpiioxide  is  decomposed,  even  at 
ordinary  temperatures,  with  slight  evolution  of  heat,  only  requiring  tho 
heat  of  a  water- bath  towards  the  end  of  the  operation  ;  the  moisture  is 
afterwards  driven  ofl'  in  vacuo.  (Berzelius.) — Greenish-yellow  (Proust); 
yellowish-grey  (Bucholz  &  Gehlen,  Berzelius);  acquires  a  higher  polish 
under  the  burnishing  steel,  and  when  gently  heated  in  vacuo,  becomes 
yellower  and  more  lustrous  (Berzelius).  Magnetic,  according  to  Proust; 
non-magnetic,  according  to  Berzelius. 

Proust.  Bucholz  &  Gehlen. 
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By  stronger  ignition  it  gives  off  sulphur,  and  is  reduced  to  the  eight- 
MTenths  sulphide.     In  the  dry  state  it  remains  unaltered  in  tli«  «\t\  V^'^^. 
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if  expoeed  while  yet  moist— m  in  the  atato  in  which  it  is  obtwneJ  by  ( 
action  of  surphuretteil  hydrogen  on  ferric  oxiJo  at  ordinary  tetnperatarv 
— it  ia  completely  converted,  in  the  coorae  of  a  few  hours,  into  a  mistura 
of  ferric  oxide  and  sulphur.  By  dilute  hydrochloric  or  Holphurio  acid,  it 
ia  converted  into  eulphuretted  hydrogen,  a  ferruuB  salt,  and  hisnlphide  of 
iron,  which  latter  Btill  retains  the  form  of  the  eewjnisQlpliide;  but,  so  long 
ax  it  remains  moiat,  may  be  reduced  by  presaure  to  the  finest  powder. 
(Bene!  i  us.) 

EydraUd  Saqutsulphidt  of  Iron,  or  ITt/drtitnlphaU  of  Ferric  Oxids. 
— Formed  by  dropping  an  aqueous  solution  of  a  ferric  ealt  into  an 
excess  of  alkaline  liydrosulphate.  If,  on  the  contrary,  the  alkaline 
hydrosulphate  be  dropped  into  an  excess  of  the  ferric  salt,  sulphur  is  fittt 
precipitated  and  a  ferrous  salt  produced,  from  which  an  additional  quao- 
tily  of  alkaline  hydroaulphate  throws  down  hydrosolpbate  of  ferrous 
oxide. — Block  precipitate,  which  oxidiaes  quickly  in  the  air,  {BerieUiis.) 

P.  Bisulphide  op  Iron. — Found  in  nature  as  Iron  Pyritea  {Sekvtfrliia 
or  SUenki't),  and  as  While  Iron  F'jritea,  RadiaUd  Iron  PyrUe*,  or  Cocfa- 
eomb  Pyrites  (SCrahli-ies,  WauerHe»,  or  SpeerkUt).  Each  of  these  Twietifli 
of  iron  pyrites  is  often  produced  by  the  action  of  organic  substmnoea  on 
water  conUining  iron,  together  with  salts  of  sulphuric  acid.  On  a  "n^- 
heath  overgrown  with  Erica — the  root-stratum  of  which  amelt  strongly  of 
hyilrosulphnric  acid — portions  of  the  .irtmdo  Phragmitet  were  found  to 
ho  partially  covered  with  eteel-grey  laminoi  and  crnsta  of  a  sulphide  of 
iron  not  soluble  in  dilute  hydrocblorio  acid.  (Moinecke,  ScHw.  28,  56.^ 
Link  found  iron  pyrites  in  the  mud  of  ponda. — Bakewell  found  the 
remains  of  mice  preserved  in  a  bottle  filled  with  solution  of  green  vitriol, 
covered  with  small  crystals  of  iron  pyrites. — The  hot  spring  of  Chaude- 
eaigucs,  which  contains  sulphate  flf  swfa  and  other  salts  and  a  mere  tt»ce 
of  iron,  deposits  iron  pyrites  in  the  [ woodeni]  channel  by  which  the  water 
is  discharged.  (Longchamp,  Ann.  Chim.  Pkyt.  32,  294.)  On  digging  ia 
the  neighbourhood  of  the  chalybeate  spring  at  Rijndorfer,  which  contjuns 
acid  carbonate  of  ferrous  oxide  and  sulphate  of  soda,  the  ha^gy  >rround 
and  the  fragments  of  quart*  scattered  about,  were  found  to  be  covered 
with  iron  pyrites.  (Noggerath  &  Bischof,  Pogg.  38,  407.) — A  similar  case 
is  described  by  Gilbert.  (QiV>,  74,  206.) — A  ferruginous  water  which 
Tan  from  a  basin  formed  out  of  the  hollow  trunk  of  a  tree,  yielded,  when 
recently  drawn,  a  largo  quantity  of  blackish-yellow  iron  pyrites,  contain- 
ing a  portion  of  vegetable  matter  enclosed  within  it,  and,  moreover, 
4478  iron  to  5522  sulphur. — A  quantity  of  the  Brohl  mineral  water, 
which  contains  verysniiiJ]  quantities  of  iron  and  sulphate  of  soda,  having 
been  mixed  with  a  little  sugar  and  kept  for  three  years  in  closed  vooael^ 
was  found  to  smell  of  sulphuretted  hydrogen,  and  had  deposited  a  blaek 

fiowder  which  appeared  to  contain  seNoui sulphide  of  iron  together  witk 
ree  sulphur.  In  a  similar  manner,  white  iron  pyrites  appears  to  bo 
formed  in  black  and  in  brown  coal.  (Bischof,  Schw.  64,  377.) 

Preparation.  1.  Ferric  oxide,  ferroso-ferric  oxide,  hydrated  ferric  oxide 
or  carbonate  of  ferrous  oxide,  natnral  or  artificial,  in  powder  or  in  crystals, 
i*  exjiosed,  at  o.  heat  exceeding  TOO"  but  not  amounting  to  redness,  to  % 
current  of  sulphuretted  hydrogen,  as  long  as  the  mass  continues  to  increase 
ill  weight.  At  first  the  action  is  so  strong,  that  aqueous  vapour,  anl- 
phurons  acid,  and  hydrogen  gas  are  evolved,  and  lower  sulphides  of 
iron  are  formed,  which  afterwards  take  up  more  sulphur  and  lib^ate  pun 
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hydrogen  giiB.  The  sulphide  of  iron  thus  produced  retains  the  crystalline 
form  of  the  oxide  used  in  its  preparation,  with  the  same  lustre  on  the  faceSi 
and  the  same  directions  of  cleavage.  (Hcrzelius.) — 2.  The  lower  sulphides 
of  iron  may  he  hrought  to  this,  the  highCs^t  degree  of  siilphnration,  by 
heating  them  in  like  manner  in  hydrosulphnric  acid  gas.  (Berzelius.) — 
3.  An  intimate  mixture  of  2  pts.  protosulphide  of  iron  and  1  pt.  sulphur, 
heated  in  a  retort  to  a  temperature  short  of  redness,  leaves  bisulphide  of 
iron  in  the  form  of  a  bulky,  dark  yellow,  non-magnetic,  metallic  powder, 
not  attacked  by  hydrochloric  acid.  (Berzelius.) — 4.  When  an  intimate 
mixture  of  ferric  oxide,  sulphur,  and  sal-ammoniac  is  heated  to  a  tem- 
perature a  little  above  that  at  which  the  sal-ammoniac  sublimes,  the 
residue  is  found  to  contain  small,  brass-yellow  octohedrons  and  cubes, 
which  may  be  separated  from  the  rest  of  the  powder  by  levigation. 
(Wdhler,  Pogff.  37,  238.) — 5.  When  sal-ammoniac  containing  sulphate  of 
ammonia  is  sublimed  at  a  dull  red  heat  in  iron  vessels  coated  with  clay, 
the  clay  covering  becomes  impregnated  with  chloride  of  iron,  and  cubes 
and  octohedrons  of  iron  pyrites  form  upon  its  surface.  (Lowe,  J.  pr.  C/icm. 
6,  98.) 

Iron  pyrites  crystallizes  in  forms  belonging  to  the  regular  system : 
Fiffi.  I,  2,  4,  6,  11,  18,  19,  20,  and  many  others.  It  gives  sparks  with 
steel.  Sp.  gr.  4*9  to  5*1.  Fracture,  conchoidal.  Colour,  bronze-yellow. 
The  crystals  of  white  iron  pyrites  belong  to  the  right  prismatic  system : 
Fiff.  54,  61,  and  other  forms,  u  :  m'  {Fi(/.  54)=73^  24';  u'  :  u  (Fig.  61) 
=  106''  36^  »  :t^=32^  12'.  Cleavage  parallel  to  u  and  u!,  less  distinct 
|Mirallel  top.  (Hauy.)  Sp.  gr.  4*6  to  48.  Harder  than  felspar.  Green- 
ish-yellow-grey  inclining  to  steel-grey;  powder  greenish -grey. — Iron 
pyrites  is  non-magnetic  in  all  its  forms. 

Ordinary  Iron  Pyrites, 
Berzelius.  Hatchett.  Gueniyeau. 

ft 27     ....    45-77       ....       4608     ....     45-7  to     47*8     ....     46*6  to    47*24 

2S 32     ....     54-23       ....       53-92     ....     54-3  „     52-2     ....     53-4   „     5276 

lbS> 59     ....  100-00       ....     10000     ....  100-0        100-0     ....  1000        10000 

White  Iron  Pyrites, 
Bucholz.  Berzelias. 

Fe    49  4.'>07 

S  51  53-3r) 

Mn  0-70 

SiCy  080 


FeS^ 100  99U2 

Bisulphide  of  iron  ignited  not  very  strongly  in  a  close  vessel,  gives  off 
sulphur,  and  is  converted  into  the  eight-sevenths  sulphide;  at  a  strong 
red  heat  it  is  reduce<l  to  the  protosulphide.  A  lower  temDerature  will 
iutEce  if  hydrogen  gas  be  passed  over  the  substance,  although  the  hydro- 
gen does  not  form  hydrosulphurio  acid,  but  appears  to  act  like  any  other 
gas  [by  adhesion].  (H.  Rose,  Pet/ff,  5.  533.)— The  residue  has  the  form 
and  colour  of  the  original  iron  i)yritc8,  but  its  bulk  is  increased;  it  is  dull, 
exhibits  all  over  its  surface  cavities  formed  by  fusion,  and  may  be  ^crum- 
bled to  pieces  by  pressure  with  the  fingt^r.  (Proust,  &\'htr.  ./.  9,  378.) — 
When  ignited  with  charcoal  it  yields  bisulphide  of  carbon. — When  heated 
in  a  current  of  phosphuretted  hydrogen  gas  to  a  teinporature  short  of  that 
at  which  it  evolves  sulphur,  it  yields  phosphide  of  iron  and  hydrosul- 
phnric acid.  (p.  233.)— When  heated  in  the  air^  it  yields  sulphurous  acid 
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and  ralpbate  of  ferrous  oxide,  or,  at  a  higher  iemperatiive^  solphnroM 
acid  and  basic  sulphate  of  ferric  oxide. 

With  nitric  or  nitro-hydrochloric  acid,  it  jrields  ferric  oxide,  salphnrie 
acid,  and  sulphur.  It  resists  the  action  of  hydrochloric  and  of  dilute  sul- 
phuric acid. — Iron  pyrites  heated  with  lead-oxide,  fuses  readily  and  givei 
off  sulphur  in  the  form  of  sulphurous  acid;  for  the  compleie  expulsion  of 
the  sulphur,  50  parts  of  lead -oxide  are  required  to  1  part  of  pyritea 
With  6  parts  of  litharge  to  I  iron  pyrites,  2  layers  are  obtained ;  the 
lower,  which  contains  the  larger  quantity  of  matter,  is  a  sulphide  of  lead 
containing  excess  of  load ;  the  upper  layer  is  a  lead-grey,  magnetic  mix- 
ture of  sulphide  of  lead,  sulphide  of  iron,  and  metallic  oxides. — With 
12*5  pts.  litharge,  the  mixture  yields  3*5  pts.  of  lead,  rendered  somewbtt 
brittle  by  the  presence  of  1  per  cent,  of  sulphur  and  a  small  quantity  of 
iron,  together  with  a  black,  opaque,  vitreous  slag. — With  20  parts  of 
litharge,  the  same  products  are  formed,  the  lea<l,  which  in  this  case  also  ii 
somewhat  brittle,  amounting  to  4  parts.  With  30  parts  of  litharge,  4*55 
parts  of  lead  are  obtained;  with  40  pts.  litharge,  5*48  lead;  and  with  50 
litharge,  8'6  load,  together  with  a  transparent  red  glass.  The  quantity 
of  lead  <ioes  not  exceed  8*6  parts,  even  if  more  than  50  parts  of  litharge 
are  used.  (Berthier,  Ann.  C/iim,  Fhi/s,  39,  253.) 

Most  yellow  iron  pyrites,  and  likewise  the  white  variety  when  well 
crystallized,  remain  unaltered  in  moist  air.     But  many  crystals  of  auri- 
ferous iron  pyrites  exhibit  marks  of  conversion  into  hyiSrated  ferric  oxide, 
and  white  iron  pyrites  often  becomes  quickly  covered  with  effloresced 
ferrous   sulphate. — The  etflorcscenco  shows   itself  only  on   irregularly 
crystallized  masses  of  the  white  pyrites,  such  masses  containing  proto- 
suiphide  of  iron  mixed  with  the  bisulphide.     The  latter  only  is  made  to 
effloresce  by  being  formed  into  a  galvanic  circuit  with  the  more  negative 
bisulphide.     Henco  the  ferruus  sulphate  which  effloresces  out  contains  but 
1  atom  of  sulphuric  acid,  and  when  dissolved  in  water  deposits  ochre  on 
exposure  to  the  air,  whereas  if  formed  from   the  bisulphide,  it   would 
have  contained  2  atoms  of  acid.     The  bisulphide  remains  quite  unaltered; 
is  split  up  by  the  crystals  of  ferrous  sulphate;  and  after  being  washed 
with  water  shows  no  traces  of  free  sulphur.     A  mass  which  will  effloresce 
in  12  huurs  and  ox|)and  to  a  tenfold  bulk  in  4  days  by  foruiation  of  green- 
vitriol  crystals,  may  be  artificially  produced  by  exposing  ferric  oxide  to 
the  action  of  hydrosulphuric  acid,  and  stopping  the  process  before  the 
conversiiiu  into  bisulphide  is  complete,  so  that  sonic  of  the  lower  sulphides 
of  iron  may  remain  mixed  with  it.     The  same  considenitions  serve  to 
explain  why  iron  pyrites  exposed  to  imperfect  ignition,  whereby  a  part 
only  of  the  bisulphide  of  iron  is  converted  into  prutosulphide,  acquires  a 
tendency  to  effloresce.  (Berzelius.) — Fournet  {Ann.  C/iim.  Fhys.  55,  256) 
attributes  the  efflorescing  property  of  white  iron  pyrites  to  a  forced  state 
of  aggregation  of  the  particles. — The  ferrous  sulphate  effloresced  out  of 
the  white  iron  pyrites  of  Schriesheim,  when   extracted  by  water,  was 
found  by  the  author  to  yield  a  solution  which  did  not  become  at  all  turbid 
by  the  addition  of  a  small  quantity  of  potash  or  by  prolonged  exposure  to 
the  air;  and  the  washed  residue  contained  free  sulphur  which  showed 
itself  in  yellow  specks  and  could  be  extracted  by  caustic  potash  (compare 
also  H.  Rose,  p.  245). — Since  the  efflorescence  of  sulphide  of  iron  is 
attended  with  evolution  of  heat,  we  may  hence  account  for  the  inflamma- 
tion  of  coals  containing   that  mineral,  when   they  are   heaped  up  in 
considerable  masses  (either  within  or  without  Uie  mine)  and  exposed  to 
air  and  moisture.  (Berzelins.) 
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O.  Sulphide  of  FernmB  Oxide  2 — Formed  by  heating  ferric  oxide  with 
powdered  sulphur  to  a  Icmporaturo  short  of  redness,  till  sulphurous  acid 
gas  is  no  longer  evolved. — Chcsuut-browu  powder,  attracted  by  the 
magnet. — Dissolves  with  difficulty  in  liydrochloric  acid,  sulphur  being 
precipitated  but  no  sulphuretted  hydrogen  evolved.  Takes  tire  in  the 
air  below  a  red-heat,  burning  like  tinder,  and  being  thereby  completely 
converted  into  ferric  oxide.  (Berzelius.) 

H.  Hyposulphite  op  Ferrous  Oxide,  or  Ferrous  IIyposuIiPHite. 
—Iron  immersed  in  aqueous  sulphurous  acid  and  kept  from  contact  of  air 
dissolves  without  evolution  of  gas,  and  forms  sulphite  and  hyposulphite 
of  ferrous  oxide: 

2Fe  +  3S0=  =  FeO,  S0=  +  FeO,  SSQ*. 

The  iron  immediately  becomes  black  and  brittle  by  taking  up  sulphur. 
(BerthoUet,  Ann.  C/iirn.  2,  58.)  The  iron  dissolves  completely  with  the 
exception  of  a  few  black  flakes  arising  from  impurities  in  the  metal. 
(Fordos  &  G(:lis,  N.  J.  Phanii.  4,  .333.)  Tbo  $ul])hurous  acid,  in  acting 
upon  the  iron,  becomes  first  brown,  then  yellow,  and  afterwards  trans- 
parent and  colourless,  the  last  change  being  attendeil  with  precipitation 
of  sulphur;  no  hydrosulphuric  acid  is  evolved,  although  the  liquid  contains 
a  small  quantity  of  that  gas  while  it  is  in  the  yellow  state,  and  thcrufure 
blackens  paper  moistened  with  acetate  of  lead.  The  resulting  solution 
turns  brown  when  heated,  and  yields  a  reddish  precipitate;  on  the 
addition  of  hydrochloric  acid,  sulphurous  acid  is  evolved  and  sulphur 
precipitated.  The  solution  gives  with  alkalis  and  with  ferrocyanide  of 
potassium  a  white  precipitate;  with  niercurous  and  mercuric  salts,  a  black 
precipitate  containing  globules  of  mercury;  and  with  nitrate  of  silver,  a 
white  precipitate  which  afterwards  blackens.  (A.  Vogel,  J,  pr,  Chan. 
8, 102;  vid.  also  Kone,  Po^f/.  03,  1  i'},) — If  very  strong  sulphurous  acid  is 
used,  part  of  the  ferrous  sulphite  crystallizes  out  spontaneously  in  the 
course  of  a  few  days,  in  white  or  greonioh-white  crystals.  (Berthollet, 
A.  Vogel.)  By  evaporating  and  cooling  the  solution  out  of  contact  of 
air,  the  greater  part  of  the  ferrous  sulphite  is  separated  out  in  the  crys- 
talline form,  and  the  mother-rM[uid  when  e\'aporat<;d  in  vacuo  (great  care 
being  taken  to  prev(;nt  ingre^rs  of  air)  yields  crystals  of  the  hypos ulphite, 
which,  however,  are  frequently  contaminated  with  sulphur  and  green 
vitriol.  For,  in  proportion  as  the  air  acts  upon  the  colourless  mother- 
liquid  containing  the  ferrous  hyposulphite,  that  liquid  acquires  a  yellow 
colour  from  formation  of  ferric  hyposulphite.  During  the  subsequent 
evaporation,  even  in  vacuo  at  ordinary  temperatures,  the  ferric  oxide 
converts  the  h3rposulphurous  acid  into  tetmthionic  acid: 

and  the  tetrathionate  of  ferrous  oxide  thus  }>roduced  is  resolved  by  further 
evaporation  into  sulphur,  sulphurous  acid,  an<l  green  vitriol: 

FcO.  S^O«  =  FeO,  SO*  +  SO-  +  2S. 

(Fordos  &  Gelis.)     %  Kone  separates  the  sulphite  and  hyposulphite  of 
ferrous  oxide  obtained  as  above,  by  means  of  alcohol,  in  which  the  hyj)o- 


ozide.  (Rammelsborg,  Po^^/.  56,  306.) 
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Besides  the  soluble  salt  just  described,  there  likewise  exists  tn 
insoluble  hyposulphite  of  ferric  oxide.  When  steel  turnings  (iron  would 
probably  act  in  the  same  way)  are  immersed  for  14  days  m  a  saturated 
aqueous  solution  of  sulphurous  acid  contained  in  a  closed  vessel,  the 
transparent  and  colourless  liquid  poured  off,  and  the  black  steel  turnings 
washed  with  water, — small,  translucent,  greenish-white  octohcdrons  are 
found  adhering  to  their  surfaces.  These  crystals  do  not  fuse  when 
heated,  but  evolve  sulphurous  acid  together  with  a  small  quantity  of 
Bulphur:  by  exposure  to  the  air,  they  become  opaque  and  afterwards  of  a 
rust  colour.  With  strong  hydrochloric  acid  they  effervesce  violently, 
give  off  snlphurous  acid  gas,  and  form  a  yellow  solution  from  which 
Bulphur  is  deposited;  their  powder  turns  black  when  moistened  witb 
solution  of  silver;  they  are  insoluble  in  water,  not  even  boiling  water 
taking  up  a  trace  of  iron;  aqueous  sulphurous  acid  dissolves  them  slowly* 
(A.  Vogel.) 

I.  Sulphite  OF  Ferrous  Oxide,  or  Ferrous  Sulphite. — The  solution 
of  iron  in  aqueous  sulphurous  acid  formed  out  of  contact  of  air  (which 
likewise  contains  ferrous  hyposulphite:  vieL  sup.)  deposits,  either  imme- 
diately or  when  evaporated  out  of  contact  of  air,  crystals  of  ferrous  sulphite, 
that  salt  separating  out  before  the  hyposulphite.  (Berthollet.)  The  sola- 
tion  should  be  evaporated  in  vacuo,  the  crystals  pressed  between  bibulous 
paper  and  then  dried  in  vacuo.  (Fordos  &  Gel  is.) — When  heated  in  a 
glass  tube,  they  evolve  sulphurous  acid  and  water  and  leave  a  black 
residue.  While  yet  moist,  they  oxidate  in  the  air.  They  dissolve  veiy 
sparingly  in  pure  water,  easily  m  aqueous  sulphurous  acid.  This  solution 
soon  acquires  a  deep  red  colour  by  exposure  to  the  air.  (Fordos  &  Gelis.) 

Cryttallized,  Calculation,  accordiog  to  Fordos  &  Gclii. 

FcO  35  37-23 

S0«    32  34-04 

3H0 27  28-73 

reO,SO«  +  3Aq 94  lOQ-QO 

K.  Sulphite  of  Ferric  Oxide,  or  Ferric  Sulphite. — Freshly 
precipitated  hydrate  of  ferric  oxide  dissolves  readily  in  aqueous  sulphurous 
acid,  but  the  solution  which  is  red  at  first,  quickly  becomes  decoloriied 
by  formation  of  ferrous  sulphate.     The  dry  liydrate  dissolves  but  veij 
sparingly  in  cold  sulphurous  acid;  the  hot  acid  dissolves  it  ouickly,  but 
the  solution  consists  of  ferrous  sulphate. — IF  According  to  Kone,  if  tho 
excess  of  sulphurous  acid  be  expelled  by  heat  and  the  solution  then  lef^ 
exposed  to  the  air  for  several  days,  a  red-brown  precipitate  is  obtained^ 
composed  of  Fe»0*,S0»+7Aq.  {Ann,  Pharm.  64,  241)  T.— 2.  Alkalin^ 
sulphites  impart  a  deep  red  colour  to  ferric  salts,  even  when  largely 
diluted;  but  the  mixture  soon  loses  its  colour  even  at  ordinary  temper^'^ 
tares,  and  immediately  on  the  application  of  heat.  (Berthier,  Ann,  Ckiw^^ 
Phys.  50,  370;  N.  Ann.  C/iim.  Phys.  7,  78.) 

L.  Hyposulphate  of  Ferrous  Oxide,  or  Ferrous  Hyposulphate^ 
— Formed  by  precipitating  a  solution  of  green  vitriol  by  an  exactlj^ 
equivalent  quantity  of  hyposulphate  of  baryta,  and  leaving  the  filtxat^ 
first  to  evaporate  at  a  gentle  heat  and  then  to  crystallixe  by  spontaneous 
evaporation. — Oblique  rhombic  prisms,  having  the  colour  and  taste  o^ 
green  vitriol.  They  become  somewhat  brown  in  the  air  by  oxidation,  bu^ 
withoat  further  change.    When  carefully  heated,  they  leave  49*05 
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Fot.  of  dtyferrouB  aulpliate.     Very  eaaily  soluble  in  water,  but  not  in 

llcobol;  when  the  aqueous  eolation  is  boiled,  ibe  anlt  is  converted  into 
p«en  Titriol.  (Heoren.) 

"^                                                           Ciytltttlired.  Hearen. 

PeO 35      ....       2303        22-91 

ffO* 72       ....       4  7  37        47'OS 

5HO    45      ....       2B-60         3004 


^^  M.  Hypos tJLPU ATE  of  Ferric  Oxide,  or  Febric  Hyposdiphate. — 
htobaric. — Aqueous  hyjiOHulphuric  acid  dissolves  but  a  very  smalt 
[Oaiitity  of  hydratcd  ferric  oxide,  even  when  Ireshly  precipitated;  it 
maweyeT  combines  with  tbe  oxide  anil  forms  a  brown-red,  very  soft,  easily 
■Upended  powder,  wbich  dries  up  to  a  brown,  brittle  masa  having  a 
Mochoidal  inictDre  and  easily  soluble  in  hydrochloric  acid,  (Heereu.) 
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.  SCLPiiATE  OF  Ferroits  Oxide,  or  Feuiroiis  Sdlphatb. — ProU>~ 
tvJpkaie  of  Iron,  Green  Vitriol,  Copperas. — Tliia  salt  is  formed  in  minei 
OMtMning  sulphide  of  iron,  and  dissolves  in  the  water  of  the  mine. — Dilate 
iHlpburic  ncid  dissolves  iron  with  evolution  of  hydrogen  gaa.  Strong  oil  of 
aimol  disaolvea  it  alonty  at  ordinary  temperatures  with  evolution  of  bydrO' 
1  gas — more  quickly  when  heated,  and  with  evolution  of  sulphurons 
d  gaa.  Moist  or  heated  sulphide  of  iron  is  converted  by  exposure  to  the 
r  into  green  vitriol  (pp.  229  and  S34). — The  crystallized  salt  is  prepared 
■  tbe  small  scale  by  dissolving  iron  in  dilute  sulphuric  acid,  filtering,  era- 
Ming,  andcrystallitlng.  On  tbe  larg-e  scale,  it  is  prepared  in  an  impure 
">,  by  exposing  native  sulphide  of  iron  to  tbe  actioo  of  the  air — or  first 

"'ng  and  then  exposing  it  to  tbe  air, — and  afterwards  exhausting  with 

Rftter,  evaporating,  clari^ing,  and  cooling. — When  iron  is  immersed  Id 
HDA- water  containing  sulphate  of  copper,  the  copper  is  precipitated,  an  da 
lilate  solution  of  green  vitriol  is  obtained,  which  may  be  bronght  to  the 
IQUtallixing  point,  first  by  gi'adiiation,a,nd  afterwards  by  evaporation.  The 
rclal  grcon-vitriol  from  Fahlun  and  Dylta,  and  that  also  which  la 


and  Dylta.  a 
tom  an  acid 

ferric  sulphate,  is  of  a  greenish-blue  colour,  and  often  covered  with  a 
its  or  yellow  powder.  The  German  green- vitriol,  which  is  crystallised 
HI  a  more  neutral  solution,  and  contains  but  a  small  quantity  of  ferrio 
t|  U  of  a  dirty  green  colour  and  dry.  That  from  Moscow  is  crystallixed 
in  a  solution  containing  a  conaiderable  quantity  of  ferric  salt,  and 
therefore  mixed  with  that  salt;  it  has  a  grass-green  colour  and 
Btnons  aspect,  because  it  remains  moiat;  it  also  reddens  litmus  strongly, 
aosdorff'.)  —  Besides  ferric  sulphate,  commercial  green  vitriol  may 
O  oontain  jirotoiide  of  copper,  oxide  of  zinc,  binoxide  of  tin,  prot- 
tds  of  manganese,  alumina,  magueaia,  and  lime  in  tbe  state  of  sul- 
Wes,  and  likewise  araenious  acid. — The  cupric  and  ferric  oxides  may 
Btparated  by  mixing  the  aqueous  solution  with  a  small  quuntity  of 
^'  '  acid  and  digesting  it  with  metallic  iron  out  of  contact  of  air; 
trsenic,  copper,  and  tin,  by  saturating  the  solution  with  siil- 
'WBtl«d  hydrogoD,  setting  it  aside  for  two  days,  aud  t\x«a  Niutmvixg  s.^^ 
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In  consequence  of  the  great  facility  with  which  ferrous  Bulphate 
absorbs  oxygen  from  the  air,  the  crystals  are  very  apt  to  become  conta- 
minated with  ferric  sulphate.  Green  vitriol  free  from  ferric  oxide  may 
be  obtained  by  the  foIl(»wing  processes  :  1.  By  saturating  dilute  sulphnnc 
acid  with  iron,  boiling  the  liquid  with  iron-filings  in  a  narrow-necked 
flask,  till  the  crystallizing  point  is  attained,  and  straining  it  through  a 
filter  moistened  with  water,  into  a  vessel  rinsed  out  with  a  little  dilate 
sulphuric  acid.  The  sulphuric  acid  prevents  the  filtrate  from  becoming 
turbid.  The  funnel  must  have  a  very  long  neck  reaching  to  the  bottom 
of  the  vessel.  The  crystals,  as  they  form,  are  left  to  drain  upon  a 
funnel,  then  rolled  backwards  and  forwards  between  bibulous  paper,  till 
they  no  longer  wet  it,  and  dried  upon  paper  at  a  temperature  not  exceed- 
ing 30^  When  well  dried,  they  remain  permanent  for  a  long  time 
in  dry  air,  and  for  a  tolenibly  lon^  time  in  damp  air.  (v.  Bonsdorff, 
Pogg.  31,  81.^ — 2.  By  dissolving  200  parts  of  iron-filings  in  2,400  of 
water,  to  which  300  of  oil  of  vitriol  is  gradually  added,  evaporating  the 
liquid  to  the  crystallizing  point  in  a  cast-iron  vessel ;  mixing  it  with  15 
parts  of  oil  of  vitriol;  filtering  hot;  cooling;  pressing  the  crystals  to 
powder  as  soon  as  they  are  forme<l ;  washing  with  alcohol,  and  quickly 
drying  the  bluish-white  powder  between  bibulous  paper.  (Gieseler,  3".  Br. 
Arch,  21 J  193.) — 3.  By  leaving  good  green  vitriol  to  crystallize  from 
water  acidulated  with  sulphuric  acid;  boiling  500  parts  of  the  resulting 
crystals,  for  a  while,  with  550  parts  of  water  and  8  i)arts  of  iron-turnings^ 
and  filtering  the  solution  at  a  boiling  heat  into  a  vessel  containing  a 
mixture  of  375  pts.  alcohol  of  36"  B.,  and  8  parts  of  oil  of  vitriol,  the 
mixture  being  stirred  all  the  while.  After  cooling,  the  mother-liquid  is 
strained  off  from  the  small  crystals  which  form,  the  crystals  drained  upon 
linen,  and  then  dried  between  bibulous  paper  frequently  renewed.  The 
alcohol  retains  in  solution  the  whole  of  the  ferric  salt,  the  solubility  of 
that  salt  being  incnMused  by  the  free  sulphuric  acid.  The  crystals  contain 
their  full  amount  of  water.   (Berthcmot,  J.  Pharm,  25,  206.) 

By  heating  the  crystals  out  of  contact  of  air,  the  anhydrous  salt  is 
obtained  iu  the  form  of  a  white,  harsh  powder, — This  when  heated  in  a 
retort,  gives  off  sulphurous  acid  gas,  and  is  converted  into  a  compound  of 
1  At.  ferric  oxide  and  1  At.  sulphuric  acid  : 

2(FeO,  S03)  e  Yf?0\  SO>  +  80=. 

At  a  still  higher  temperature,  the  rest  of  the  sulphuric  acid  is  given  off^ 
and  red  ferric  oxide  left  behind .  Part  of  the  acid  distils  over  undecom- 
posed,  and  may  be  condensed  in  the  form  of  anhydrous  acid  in  a  receiver 
kept  at  a  very  low  temperature ;  the  rest  passes  over  as  a  mixture  of 
1  vol.  oxygen,  and  2  vol.  sulphurous  acid  gas.  (Bassy,)— When  mode^ 
rately  heated  in  an  open  vessel  and  stirred,  it  is  converted — the  ferrooB 
oxido  taking  up  oxygen  from  the  air — into  yellowish-brown  burnt  or 
calcined  green  vitriol,  containing  1  At.  ferric  oxide  and  2  At.  sulphnrio 
acid.  Complete  conversion  into  ferric  salt  is  unattainable;  as  soon  oa  all 
the  protoxide  is  converted  into  sosquioxide,  sulphuric  acid  is  given  off^ 
and  colcothar  remains  behind.  (Waltl,  Bepert.  41,  428.)  Dry  ferrous 
sulphate  gently  ignited  with  charcoal  in  a  retort,  gives  ofi*  about  78 
volumes  of  sulphurous  acid  gas  to  22  vol.  carbonic  aciil,  and  leaves  ferric 
oxide  free  from  sulphide  of  iron.  (Gay-Lussac,  Ann,  Chinu  PhyBm 
63,  433;  also  /.  pr.  Chem.  11,  67.) 
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Combinations  with  Water, — The  dehydrated  salt  recovers  its  7  atoms 
€>f  water  by  exposure  to  moist  air.  (Braudes,  Schw,  51  j  438.) — a.  Mono- 
^IfdrcUed, — Remains  when  tlie  hepta-hydrated  salt  is  heated  to  140'  in 
TBcuo ;  contains  1  atom  of  water  m  a  state  of  intimate  combination,  but 
^yes  it  up  at  a  temperature  above  280°  (between  200^  and  300^  Mits- 
cherlichy  Pogff.  18,  152),  and  by  careful  heating  may  be  freed  from  it 
"without  loss  of  acid.  (Graham,  Phil,  Mag.  J,  3,  421.) 

/3.  Bihydrated. — When  oil  of  vitriol  is  slowly  added  to  a  saturated 
aolution  of  ferrous  sulphate — so  as  not  to  produce  any  considerable  rise  of 
temperature — till  the  mixture  attains  a  specific  gravity  of  1*33,  and  the 
liquid  then  left  to  evaporate  over  oil  of  vitriol  in  a  receiver  not  exhausted 
Of  air,  the  hepta-hydrated  salt  separates  out  first ;  then,  when  f  of  the 
liquid  are  evaporated,  a  salt  containing  4  atoms  of  water;  then  sesqui- 
sulphate  of  ferrous  oxide  (p.  242);  and  lastly,  the  bihydrated  salt  in  the 
form  of  a  dark  green,  crystallo-granular  mass.  (v.  Bonsdorii*,  Ber.  liber  d. 
Veraamml.  d.  deuisc/ien  Naiurf,  in  Frag,  124.) 

y.  Ter-hydrated. — The  solution  of  green  vitriol  in  hot  hydrochloric 
acid,  yields  on  cooling,  partly  crystals  of  the  hepta-hydrated,  and  partly 
of  the  ter-hydrated  salt.  The  latter  are  translucent,  of  a  much  paler 
^reen  colour,  and  harder  than  the  former;  when  dissolved  in  water,  they 
a^in  yield  ordinary  green  vitriol.  (Kane,  Ann,  Phann,  19,  7.) — On 
OTaporating  a  solution  of  green  vitriol  mixed  with  a  large  quantity  of 
sulphuric  acid,  the  ter-hydrated  salt  is  obtained  in  the  form  of  a  white 
solid  crust.  (Kiihn,  Schw,  61,  235.) 
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h.  Tetra-hyd rated, — 1.  By  the  process  described  under  j3,  this  salt  is 
obtaioed  in  crystals  having  the  green  colour  of  Chrysoprase.  (Bonsdorif.) 
•^2.  It  crystallizes  on  evaporating  a  solution  of  green  vitriol  at  80°,  and 
eorrespoudB  to  the  tetra-hydrated  sulphate  of  manganous  oxide.  (I  V.^  222.) 
Begnault.     (N,  Ann,  Chim.  Phys,  1,201.) 

«.  Hepta-hydrated. — This  is  the  common  green  vitriol.— Pale  green- 
iah-blue,  translucent  crystals,  belonging  to  the  oblique  prismatic  system. 
Fig.  Ill  and  other  forms;  i  :  u  or  w'=99**  2';  u:  it'=82''  20';  i :  a  = 
ISa*';  i  :i3=123-  5.'/;  i  :  c=159';  *  :  «;=136°  10';  i  :f=UO'  15'.  (Wol- 
koton,  Schw.  24,  102;  Brooke,  Ann.  Phil.  22,  120;  G.  Rose,  Poyg.  7, 
239.)  Yields  a  white  powder;  scarcely  reddens  litmus,  and  only  when 
the  air  has  access  to  it,  the  eflfect  being  then  due  to  the  formation  of  a 
feocric  salt.  (Bonsdorfi*.) 
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The  crystals  fuse  in  their  water  of  crystAllization  when  heat«d;  ud 
if  the  air  Iw  excluded,  leave  the  white  anhyUrona  salt  When  eipofied  (o 
tho  air  between  40  and  50^,  they  effloresce  through  and  through  to  a 
white  mass  (Boosdorff) ;  oil  of  Titriol  and  alcohol  likewise  withdnw 
their  water  and  cause  Ihcra  to  turn  white.  At  ordinary  l«iiiperaliue^ 
they  oxidize  aud  turn  brown,  ■□  proportion  as  they  have  been  less  com- 
■letely  dried,  as  the  air  is  tnoiater,  and  iia  the  eolution  from  which  they 
tave  oeeQ  formed  is  more  neutral.  Crystals  obtained  from  an  acid  eola- 
tion are  permanent  in  air  which  is  not  very  damp ;  but  if  they  are  kepi 
under  a  bell-jar  containing  air,  and  cloee>l  with  water  at  the  bottom,  tfaeii 
surface  turns  yellowish -brown  in  the  course  of  a  few  months,  a  portion  «f 
the  salt  being  at  the  same  time  dissolved  by  the  water  which  is  deposited. 
Crystals  deposited  from  a  perfectly  neutral  solution,  assume  a  dio^ 
green  colour  when  exposed  to  the  air  even  for  a  few  days,  the  colosr 
continually  becoming  darker;  under  a  bell-jar  standing  in  water,  th«T 
deliuuesce  more  rapidly  and  soon  turn  brown.  The  powder  of  crystau 
obtained  from  an  acid  solution  turns  yellowish-green  after  a  few  weeks' 
exposure  to  the  air. 

1  part  of  the  crystals  dissolves  in  IG  parts  of  cold,  and  in  03  of  bal- 
ing water.  At  10"  in  1-04  parts;  at  15'  in  1-43;  at  34^  in  0-87;  at 
33' in  OCe;  at  4CMn044;  at  CO"'  in  038 ;  at  84"  in  037;  at  (tO»  id 
0-27;  and  at  100'  in  03  parts  of  water.  (Brandes  &  Fimliaber.  Br. 
Arch.  7,  83.) — The  solution  has  a  pale  greenish-blue  colonr.  Alcohol  aad 
oil  of  vitriol  precipitate  from  it  the  white,  partly  dehydrated  salt.  Olaciil 
acetic  acid  likewise  precipitates  the  salt  nndecomposed  from  the  solution, 
so  that  not  a  trace  of  iron  is  left  in  the  liquid.  (Persox,  Chim.  moleeid. 
346.)  The  solution  becomes  turbid  when  exposed  to  the  air,  yetlowisli- 
brown  disulphate  of  ferric  oxi.,e  being  precipitated,  and  tersulpfiatc  being 
dissolved  and  forming  a  brown  solution; 

lO(FeO.SO')  +  SO  =  2Fe=0',Sff+  3(Fe'0',3SO^. 

On  the  addition  of  sal-ammoniac,  a  solution  is  formed,  consisting  of  sul- 
phate and  hydrochlorato  of  ferrous  oxide  and  ammonia.  (A,  Vogel,  J- 
pr.  Chan.  2,  192.) 

A  solution  of  green  vitriol  absorbs  nltrio  oxide  gaa,  forming  a  dark 
greenish-brown  liquid,  which  contains  1  at.  nitric  oxide  to  4  at.  oil 
of  vitriol.  The  solution  of  300  pts.  (1  at.)  of  dry  ferrous  sulphale. 
absorbs  28'5  pts.  (therefore  not  quite  1  at.,  which  would  weigh  30)  of 
nitric  oxide.  If  the  sulphuric  acid  is  in  excess,  the  same  (jiiantity  of 
nitric  oxide  gas  is  absorbed,  anti  produces  the  same  colour.  (Peligot.^ 
The  liquid  contains  ferrous  sulphate  and  nitric  oxide  in  tho  unaltered 
state;  the  latter  may  be  driven  off  in  vacuo,  or  by  the  application  ot 
heat;  but  in  the  latter  case,  a  small  portion  of  the  nitric  oxide  gives  Vf 
Dxyi^en  to  the  ferrous  oxide,  so  that  the  evolution  of  nitric  oxide  m 
accompanied  by  the  conversion  of  a  small  portiou  of  ferrous  salt  into 
ferric  ealt.  If  the  liquid  be  placed,  together  with  chloride  of  caloinm, 
under  a  bell-jar  filled  with  nitric  oxide  gas,  ferric  salt  is  formed  and 
nitric  oxide  decomposed,  as  soou  as  the  solution  becomes  somewhat  ood- 
entrated- — An  alkali  added  to  the  liquid  produces  a  greyish-white  pre- 


cipitate, probably  a  compound  of  bydrated  ferrous  oxide  with  nitrio 
oxide,  which,  however,  soon  gives  off  gas,  turns  bluish-green,  and 
afterwards  yellow.     No  salt  of  nitric  or  of  nitrous  acid  is  formed  ii 


aotion. — Phosphate  of  soda  forms  a  reddish-brown   precipitate]  which 
contains  nitric  oxide  In  a  state  of  combination,  and,  when  exposed  to  the 
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^r,  torna  wltito  anil  yields  phosphate  of  ferric  oxidd.  In  &  similur 
manner,  ferroeyanJde  of  pota^ium  furms  red-bruwn  fl.ake.i,  irhich  contain 
nitric  oxide  and  immediately  tarn  bino  in  the  aii.  (Pcligot,  Ann.  Chin 
Fhyt.  54,  17;  also  J.  Pharm.  19,  6*4;  also  Schw.  69,  341;  also  Ana. 
■PAarm.  0,  259.) — According  to  Sir  H.  Davy,  100  pans  of  green  Tilriol 
BolntioD,  of  ap.  gr.  r4,  absorb  0*63  nitric  oxide,  three-foartha  of  which 
remains  nnoltered,  but  the  remaining  fourth  decomposes  a  portion  of  the 
mter,  and  forms  ajnmonio,  nitric  acid  [T\,  and  ferric  oxide;  a  small 
quantity  of  nitrogen  is  likewise  absorbed  together  with  the  nitric  oxide, 
and  is  also  converted  into  ammonia.  The  remaining  threo-foiirths  of 
nndecomposcd  nitric  oxide  may  be  expelled  from  tho  liquid  by  heat. 
{Humboldt  &  Va.uqnelin,  Scher.  J.  3,  81.) 

The  compoand  of  green  vitriol  vritb  nitrio  oxide  imparts  a  purple-red 
lour  to  large  quantities  of  oil  of  vitriol,  provided  no  rise  of  temperature 
'takes  place.  Oil  of  vitriol,  to  which  a  small  quantity  of  ferrous  sulphate 
Ima  been  addedj  acquires  a  rose-red  colour  by  absorbmg  small  quantities 
of  nitric  oxide,  and  a  deep  purple-red  if  it  absorbs  a  larger  quantity. 
The  some  red  mixture  is  oblaiued  when  oil  of  vitriol  containing  nitnc 
oxide,  nitrous  or  nitric  acid,  or  a  nitrate,  is  mixed  with  jiowdered  green 
Titriol  or  its  aoneous  solution,  slowly  enough  to  prevent  rise  of  tomper&- 
'  tore.  Upon  tnis  character  is  founded  the  detection  of  those  oxides  of 
nitrogea  in  oil  of  vitriol  (II.  181),  and  tltat  of  traces  of  nitrites  and 
taitrates.  (II.  401;  Bcsbussins  de  Richemunt,  J.  Chim.  mSd.  11,  504.] — 
Bnssy  &  Lecanu  {J.  Pharm.  \\,5A\;  b\so  Schw.  AG,  MS),  by  dissolving 
lerrona  sulphate  in  oil  of  vitriol,  obtained  a  red  liquid  which  they  regarded 
n  add  sulphate  of  ferrous  oxide.  Their  sulpuuric  acid  evidently  con- 
toed  nitric  oxide.  When  an  aqueous  solution  of  ferrous  sulphate 
Rturated  with  nitric  oxide,  is  slowly  mixed  with  oil  of  vitriol,  the 
mish-brown  colour  likewise  changes  to  red.    (Jacquelin,  N,  Ann. 

1.  Phyt.  7,  1 9G.) 
The  red  liquid  loses  its  colour  when  heated,  giving  off  sulphurous  acid, 
tod  precipitating  white  teraulphate  of  ferric  oxide.  Water  carefully 
|dil«(  so  as  not  to  occasion  rise  of  temperature,  gradually  dilutes  the 
lour,  till  it  finally  becomes  imperceptible.  (Bussy  &  Lccann.)  Water 
colorizes  the  solution,  after  first  turning  it  brown  and  yellow.  (Des- 
seins.)  Compounds  which  convert  the  ferrous  oxide  into  ferric  oxide, 
•troy  the  colour,  and  produce  a  white  cloud,  proceeding  from  tersulphate 
tf  feme  oxide.  Such  is  the  action  produced  by  nitric  and  its  salts,  the 
ntire  oxides  of  manganese  {Brauntlein),  peroxide  of  manganoao  (Bussy 
<fc  Lecaou);  as  also  by  liyponitrio  acid  aud  sulphate  of  manganic  oxide, 
^fat  not  by  nitrites.  (Dcsbaesins.) 

■  _  Sulphate  of  ferrous  oxide  is  capable  of  uniting  in  nearly  all  proportions 
iritli  snipkate  of  zinc-oxidu  or  sulpliato  of  cupric  oxide,  forming  a  double 
mit,  of  the  form  of  green  vitriol. 

Sa^itulphate  of  Ferrout  Oxide  ? — (Tor  tho  preparation  of  this  salt, 
0  page  23t<,  ^.)  Colourless  crystals,  having  a  laminar  texture  like  that 
'gypsum,  nearly  tasteless,  sparingly  eoluble  in  water;  contain  2838 
e.  ferrous  oside,  4  j'42  acid,  and  25-97  water — loss  0-33.  (Bonsdorff.) 
beii  composition  may  be  nearly  represented  by  2FeO,3SO*+7Aq. 

V.  Sci-PHATE    OP    Fehiiic   Oxide. — a.    Stxbasic. — Formed    by   the 

ivrittg  of  iron  pyrites  in  alum-slate.      Dark  brown;  massive;  ba 

/»tly  lustre;  yields  a  Irowuitih-ycllow   powder,  and  is  insoluble  i 
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water,  but  slowly  soluble  in  heated  hjdrocUorio  acid.  (Th.  Soheerer, 

Fogg,  45,  188.) 

Approxhrnaie  ealeulatiwa,  Scheerer. 

6Fc20»   468        ....         78-26  80*73 

SO^    40        ....  6-70  600 

lOHO 90        ....        1504  13'57 

6Fe=O',SO»  +  10Aq 598        Z       10000        !ZI      10030 

According  to  Scheerer,  it  is  2(7Fe'0',SO')  +  14Aq. 

h,  Quadrobasic. — When  tersulphate  of  ferric  oxide  is  precipitated  by 
acetate  of  baryta,  and  the  remainder  of  the  sulphuric  acid  removed  from 
the  filtrate  by  a  small  quantity  of  baryta-water,  light-brown  flakes  are 
thrown  down,  together  with  the  sulphate  of  baryta,  and  may  be  separated 
from  it  by  Icvigation;  they  contain  88*62  percent,  of  ferric  oxide  and 
11*38  of  sulphuric  acid.   (Anthon,  Repcrt,  81,  237.) 

c.  Terbasic  or  Trmdphate. — Precipitated,  on  boiling  a  dilute  solution 
of  tersulphate  of  ferric  oxide,  even  when  the  latter  contains  sulphate  of 
potash.  After  drying  at  100^,  it  is  a  light  powder  of  a  deep  orange- 
yellow  colour,  that  colour  being  lighter,  however,  as  the  solution  from 
which  the  salt  is  precipitated  is  more  dilute.  It  loses  its  water  below  a 
red  heat,  and  turns  dark  brown;  at  a  red  heat,  it  leaves  ferric  oxide.  It 
is  insoluble  in  water,  but  dissolves  with  tolerable  facility  in  acids.  (TL 
Scheerer,  Pogg,  44,  453.) 

Scheerer. 

3Fe203  234    ....    75-49   74-43 

S0«  40    ....    12-90    12-69 

4HO  36        ....        11-61        12-80 

3Fe20»,SO»  +  4Aq 310        Z       lOO'OO        ZZ         9992 

According  to  Scheerer,  it  is  2(3Fe'0^S02)  +  9Aq. 

d.  Bihasic  or  Disiilphate. — Occurs  native,  combined  with  6  atoms  of 
water,  in  the  form  of  Vitriol-ochre,  Precipitated  in  the  hydrated  state  on 
mixing  the  tersulphate  with  a  quantity  of  ammonia  not  sufficient  for  its 
complete  decomposition;  also  when  an  aqueous  solution  of  green  vitriol 
is  exposed  to  the  air.  It  is  consequently  deposited  in  vitriol  and  alum 
works  by  the  action  of  the  air  on  the  mother-liquid  of  the  vitriol  or  alum; 
the  deposit  is  called  "  the  cream"  {Schmand),  Yellowish-brown,  Gives 
off  its  water  when  heated,  and  assumes  a  brown-red  colour  :  when  some- 
what strongly  ignited,  it  gives  off  uudecomposed  sulphuric  acid,  (Berie- 
lius,  Gilb,  40,  293.) 

Anhydrous,  Berzclius.         Thomaon. 

2Fe20' 156      ....       79-59        79*8        ....        80 

SO» 40       ....       20-41         20-2         ....         20 

2Fe20«,S03 196       ....     10000        1000        ....       100 

Hydrated. 

2?e»0> 156       ....       62-4  

803   40      ....       160  

6H0 54       ....       21-6  


Bcrzelius. 

Soubeinn. 

624 

59-0 

15-9 

11-5 

21-7 

29-5 

2Pe=03,SO»  +  6Aq.        250       ....     1000         1000         ....       1000 

The  salt  examined  by  Soubeiran  was  obtained  by  precipitating  the  tersul- 
phate of  ferric  oxide  with  carbonate  of  potash  in  the  cold. 

fT  According  to  Wiitatein,  t\\Q  preclpltato  deposited  from  a  solatioo 


grran  vitriol  exposed  to  the  air  consiHtB,  after  Iwing  dried  at  100",  of 
fceaqaisnlpbate  of  ferric  oxide,  2Fe'0^3S0'  +  8Aq.,  and  not  of  disulphatc, 
stated  by  Beneliua.  (Reptit.  J'harm.  3rd  aeries,  1,  185.)  IT 
An  oclrey  stalactite  from  tbe  alum-slate  quarry  at  Qemadorf,  Laving 
the  form  of  a  crust,  of  sp,  gr.  1*6,  and  pale  ycllowiali-giey  colour,  waa 
Jbuud  to  contain  4006  p.  c.  ferric  oxide,  680  alumina,  ll'SO  eulphuric 
acid,  4013  water,  and  01 1  matrix;  these  numbers  give  rather  more  tban 
S  atoms  of  base  (ferric  oxide  and  alumina  together)  and  15  atoms  of 
mtlcrto  1  atom  of  sulphuric  acid.  (Qreithaupt  &  Erdmann,  Sc/iw.  62, 
104.) 

e.  MciHotalpKaU. — Formed  by  adding  carbonate  of  potash  to  teisol' 

)lwte  of  ferric  oxide  as  long  aa  tbe  alkali  dot's  not  occasion  permanent 

■bidity, — and  beating  the  resulting  red  liquitl  till  the  salt  separates  out. 

\gbt  Kddiah-yellonr  powder.    (Soubeiran,  Ann.  CMm.  Phyt.  44,  329; 

J.Pharm.  IC,  525.) 


Fe'O'    

J8 

40      . 
27 

,.      53-79 

a7-59 

-.       18-62 

55-5 

3H0 

I9'0 

Fe^CSO^  +  SAq.  .., 

US 

.     lOO-OO 

lOU'O 

/.  SaquiaulphaU. — Fibraferrite. — Warty;  aeparates  in  scales;  fibrous 
a  a  direction  perpendicular  to  the  surface  of  separation;  specitio  gravity, 
U>oat  25;  pale  greenish- grey;  pon-dcr  yellowish;  fibres  tnuislucent. 
)  somewhat  rough  nud  suur.  When  beated,  it  evolves  a  large 
quantity  of  water  with  a  small  quantity  of  sulphur  (inasmuch  as  tbo 
Bin  era!  contains  10  per  cent,  of  e»Ttliy  matter  and  sulphur),  the  fibrea 
lep&rating  at  the  H.ime  time,  and  assuming  an  orange-yellow  colour.  On 
Burooal  before  the  blowpipe,  it  decrepitates  violently;  emits  an  odour  of 
nlpbur,  and  leaves  ferric  oxide.  In  culd  water,  it  splits  into  fibres,  a 
■DaU  quantity  being  partinily  dissolved.  Boiling- water  takes  up  rather 
Dore,  and  colours  the  fibres  orange-yellow.  In  hydrochloric  acid  it  swells 
'  p  like  a  sponge;  acquires  a  bright  orange-yellow  colour,  and  soon  dis- 
witli  the  exception  of  the  sulphur  and  the  earthy  portions. 
Phil.  Mag.  J.  18,  307;  also  J.  pi:  CAmi.  24,  127.) 


21V0»  . 
sso* 


»irt)',380»+ 18.^1, 439       ....      100-00        .....        100         ....        100-00 

g.  Bmitphrtte. — If  to  a  tolerably  concentrated  solution  of  tersnlphate 
\  f«rrie  oxide,  hydrate  or  carbonate  of  lime  be  added  till  the  precipilalo 
B  longer  re-dissolvea,  and  (he  liquid  be  rapidly  filtered,  the  dark  brown 
rate  eontaina  the  bisulphato.  This  salt  may  likewise  be  obl&iuod  by 
ibtting  a  concentrated  Bulutton  of  the  tersulphato  with  the  diaulphale 
)Ctpitato<l  in  the  ooM  (that  which  is  precipitated  from  a  hot  solution 
111  not  dissolve).  The  quantity  of  diaulphate  thus  dissolved  is  not, 
itiraver,  sufficient  to  convert  the  whole  of  tbe  tersulphato  into  bisulphato. 
Ii4  yellow  deposit  formed  on  crystals  of  green  vitriol  exposed  to  the 
ir  consists  of  this  same  salt ;  hence  tlie  solution  in  cold  water  of  green 
itriol  thus  altered  deposits  a  large  quantity  of  disulphnte  when  heated, 
7bo  aolatJon  of  the  biBul]ihatc,  whan  ftbauduttfid  Vi  B^tvU,\i«>:i<^  «\%r 
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poration,  leaves  a  ^rnnimy,  yellowish-brown  moss.  When  left  to  itself, 
it  is  partly  resolved  into  disulphato  which  is  precipitated,  and  tersulpbate 
which  remains  in  solution;  the  decomposition  is,  however,  less  complete 
as  the  solution  is  more  concentrated.  For  complete  decomposition,  a 
boiling  heat  is  necessary.  This  salt  forms  double  salts  with  the  sulphates 
of  potash  and  ammonia,  and  expels  the  tersulphatc  of  ferric  oxide  from 
its  combinations  with  these  alkaline  sulphates.  (Maus,  Pogg,  11,  77.) 

Maus. 

Fc=03  78      ....      49-37        49-9 

2S03 80      ....       50-63         50-1 

Fe=0>,  2SO». 15i      ....     10000        ZZ       100-0 

To  this  head  belongs  an  iron  ore  from  the  province  of  Coquimbo,  in 
Chili,  which  occurs  in  globular  deposits  of  a  dingy  yellow-ffrcen  colour, 
silky  lustre,  and  oxcentrically  fibrous  texture.  Cold  water  decomposes  it 
gradually,  boiling  water  more  quickly,  with  separation  of  ferric  oxide  [or 
disulphate  ?].     (H.  Rose,  Pogg.  27,  310.) 


Fe^O* 

78 
80 
90 

31-45 
32-26 
36-29 

H.  Rose. 

28-11 

27-82 

33-48 

5-86 

3-63 

1-43 

•  ••• 

•  ••• 

•  •■a 

Or: 
31-44 

2SO' 

31-12 

lOHO   

CaO,SO»  +  2Aq 

MgO,SO»  +  7Aq 

SiC  

37-44 

Fe»O»,28O'  +  10Aq. 

248 

100-00 

•  ••• 

100-33 

«•■• 

10000 

A  nother  ore,  from  the  same  locality,  occurring  in  thin  six-sided  tables, 
or  granular,  yellow,  and  translucent,  contains  more  than  2  and  less  than 
3  atoms  of  sulphuric  acid  to  1  atom  of  ferric  oxide,  viz.  2-64  p.  c.  mag- 
nesia; 26-11  ferric  oxide;  1-95  alumina;  39*60  sulphuric  acid;  29*67 
water;  and  1-37  silica.  (H.  Rose.) 

h.  Tersulphate. — The  so-called  Neutral  Sulphate  of  Ferric  Oxidt.-^ 
A  solution  of  green  vitriol,  exposed  to  the  air,  or  bulled  with  nitric  acid 
and  freed  from  that  acid  by  repeated  t^olution  and  evaporation  to  dryness, 
is  resolved  into  disulphate  of  ferric  oxide  and  soluble  tersulphate.  If  the 
solution  of  the  ferrous  sulphate  is  previously  mixed  with  half  as  much 
sulphuric  acid  as  it  already  contains,  it  is  wholly  converted  into  ferric 
tersulphate.  The  same  solution  is  obtained  by  treating  one  of  the  more  basic 
salts,  or  the  ferric  oxide  itself,  with  dilute  sulphuric  acid,  or  by  treating  iron 
filings  or  ferrous  sulphate  with  excess  of  oil  of  vitriol  till  the  excess  is  eva- 
porated, and  then  dissolving  in  water.  30  lb.  of  hydrated  ferric  oxide,  701b. 
oIF  red  oxide,  and  150  lb/ oil  of  vitriol,  heated  in  an  iron  vessel,  rise  to  a 
bright  red  heat,  with  evolution  of  sulphuric  acid,  vapour  being  evolved, 
and  portions  of  the  mass  projected  out  of  the  vessel.  (Priickuer,  Schw, 
66,  296.)  The  yellowish-brown  liquid,  which  strongly  reddens  litmus, 
is  converted  by  evaporation  into  a  brownish-yellow  syrup ;  and  this, 
when  kept  for  some  time,  solidifies  into  a  partly  pale  yellow,  psirtly 
white  mass  of  indistinct  crystals.  The  colourless,  regular  octohedrous 
obtained  from  the  solution  by  Hausmann  and  Sylvester  {A7in,  Phil.  13, 
298  &  460)  probably  consisted  of  ammonia  iron-alum  or  potash  iron-alum. 
On  further  evaporation,  there  remains  a  brown  resinous  mass,  which,  when 
completely  deprived  of  its  water,  is  converted  into  the  dirty-white  anhy- 
drous salt.  The  resinous  mass  is  difiicult  to  dry ;  but  if  mixed  with 
water  while  still  hot,  it  solidifies  suddenlyi  and  may  then  be  easily  dried 
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gmtia  beat.  (WittsteiD,  Reperl.  GS,  223.)     The  nnbyilrous  salt  is  ft 

-white  powder,  which  dissolves  alowly,  and  consequently  hiia  but  a  vwy 

slieht  taste;  in  the  state  of  eolutlun,  however,  it  tastes  gtraogl^ferruifiniiiis. 

Wlea  somewhat  strongly  hentcd,  it  gives  off  auhydroua  sulphuric  oci'l. 

It  olowly  absorba  moisture  from  the  air,  and  ultimately  deliquesces  to  a 

Irown  liquid.     It  is  perfectly  insoluble  in  strong  oil  of  vitriol,  by  wLich, 

indeed,  it  ta  precipitated  from  the  concontrated  aqueous  solution  in  tlio 

foaa  of  the  wbit«  dehydrated  salt.     The  coucentralfid  aqueous  solution 

does  not  become  turbid  on  boiliug;  but  the  more  dilute  it  is,  the  more 

turbid  docs  it   become,   and  the   lower  is  the  temperature  required  to 

)roduDe  the  turbidity ;  the  deposit  consists  of  the  terbaatc  salt.     The 

Intion  of  1  pt.  of  the  salt  in  iOO  water  begins  to  show  turbidity  at  95°, 

id  deposits,  on  boiling,  nbciut  one-third  of  its  ferric  eside  in  the  form  of 

reulphate;  wilh  200  parts  of  water,  these  numbers  are  70'  and  j ;  with 

10  water,  59°  and  J;  with  800  water,  50  and  J;  wilh  1000  water,  47-5 

id-^.  (Th.  Sclieerer,  Fogg.  \i,  453.)     When  the  solntiun  is  digested 

itli  iron  filings,  ferrous  sulphate  is  produced;  hydrogen  gas  ia,  however, 

'olved  at  the  same  time,  and  a  bo^ic  ealt  of  ferric  oxide  precipitated. 

JBerzelius.)    On  boiling  the  solution  with  silver,  sulphate  of  ferrous  oxide 

■sd  stdphate  of  silver-oxide  are  produced;  but  as  the  liquid  cools,  the 

silver  ia  again   precipitated  and  the  ferrie  salt  reproduecd.    {Seh.  94.) 

The  solution  mixed  with  common  salt  cvolvos  hydrochloric  acid  at  60°; 

And  if  it  be  evaponiled  to  dryness,  and  the  residua  further  heated  with 

iccess  of  air,  chlorine  is  given  off,  and  sulphate  of  soda,  together  with 

free  ferric  oxidej  left  behind.  (Schaffhautl,  Ann.  Pharta.  43,  28.)     The 

aolt  is  likewise  soluble  in  alcohol. 

ThamMQ, 
'Rmsj  3[  LecBDu, 
Fe^O"  78      ....       39-39        40 


1 


Co^uMntife. — Found  together  with  the  two  ores  of  iron  described  on 
:e244.  Fig.  Ml;  >-:ir=15I°;  cleavage  imperfect,  parallel  to  r  and  t; 
:tiire  couchoidal;  colour  violet-white.  It  appears  to  have  been  produced 
ij  the  weathering  of  iron  pyrites.  It  dissolves  in  hydrochloric  acid,  or 
n  oold  water,  with  the  exception  of  the  silica;  the  latter  solution  deposits 
t  huge  qnautlty  of  ferric  oxide  on  boiling;  when  left  to  itself  at  ordinary 
demperalures,  it  yields  indistinct  crystals.  (H.  Rose,  Pogg.  27,  310.) 

H.Ro».  On 


WW   78      ..., 

AHO"    

390'    120      .... 

lOHO  90      .... 

CaO.S(Vt2Aq 

MsO,SO'+7Aq 

SUP 

Firt)>,3S{V+  lOAq,     2H8       ....      I 

Q.  FEKitoua  SuLrnocARno.NATE. — An  aqueous  solution  of  Bulpho- 
IRrbonnto  of  calcium  yields,  wilh  ferrous  salts,  a  clear  mixture  of  a  deep 
►ine-red  colour,  whicli  gradiiallv  hecomeB  darker,  and  ultimately  forms  a 
liquid  wbieli  ajtpeors  ink-blach  liy  roUccted  light ;  when  the  ferrous  salt 
S  in  excess,  part  of  the  compound  is  deposited  in  the  fona  of  a  block 
powder.  (Bcrxclius.) 


2411 

2a-24 

0'92 

0-06 

41-87 

..        43-84 

28-62 

2996 

2-24 

1-97 

0-31 

lUO-04 

100-00 

k 
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R.  Fbhhic  StitpnocARBoyATE.— Fenic  Ba.Ha  jneld,  with  ft<|iiec 
phoe&rlioniil«  of  culciuin,  a  deep  red  precipitate,  which  rotaina  its 
when  dry,  and  yields  no  umlier-brown  powder.     When  gontly  bei 
givpB  off  first  hiijiilphide  of  c»rbon,  ihen  sulphur,  and  leaves  protosuli^de 
of  iron.     It  ie  ineoluble  in  water.  (Berieliui.) 

S.  FEUROrB  HrposcLPHoPHoBpniTB.  —  FeS,  PS.  Artificial  f.«nl- 
phide  of  iron  finely  pulverizeil  and  heated  with  protoanlphide  of  pho^ 
phorus  in  a  ball>-tul>e  (p.  SO),  thronijh  which  a  ourrent  of  hydrogen  gn 
19  paased,  tukes  up  the  sulphide  of  phoKphoms  with  avidity,  and  the 
deep  yellow  colonr  of  the  powder  ii  thereby  converted  into  black.  TIrt 
prodnot  is  FeS,P8,  contaminated  with  a  email  quantity  of  2FeS,P^. 
(BeKeliug.) 

T.  FEBHOtra  Stripao phosphite. — aFeSiPS*.  Obtained  by  beating 
palvorized  iron  pyritee  in  the  same  manner  with  protosnipiiido  of  phos- 
phorus; combination  tokos  place,  attended  with  poworfnl  evolution  of  belt 
After  the  excess  of  protoanlphide  of  phosphorus  haa  been  distilled  off, 
there  remftins  a  lump  reddened  externally  by  a  deposit  of  P'SiPS,  deep 
yellow  within,  with  a  faint  melallio  lustre,  and  aomewhat  granular.  The 
oompound,  when  distilled,  leaves  2PeS,P5  in  the  form  of  a  black-hrown 
reeidue,  which  i«  not  decomposed  by  hydrochloric  acid,  bat  oul  v  by  boiling 
aqua-regia.  The  undecompoaed  compound  is  likewise  insoluble  in  boiling 
hydrooblorio  acid.  In  damp  air  it  is  slowly  decompose^!,  emitting  a  EuQt 
edour  of  sulphuretted  hydrogen.   (Berielius,  Ann.  Pharm.  46,  25$.) 


.12-65 
18-98 
*B'37 


B«rzelltii, 
33-90 
1812 


165-i 


100-00 


10000 


U.  Phobphosplphate  op  Ferric  OxmB.—DiadochUe,  Resemhles 
iron-oinder  in  outward  appearance;  kidney-shaped  or  stolactttic;  separstet 
in  scales;  fracture  conchoidal;  brown  isb-y  el  low,  somewhat  transluoont; 
colours  the  blowpipe  flame  green,  and  fuses  at  iho  edges,  with  some  intu- 
mescence, to  a  black,  slightly  magnetic  enamel.  (Breiihaupt,  J.pr.  C/iem. 
10,  503;  Plnttner,  Sammtltbfrgi.  Hanihvorierb.  d.  Min.  Suppl.  1,  45.) 
Boiling-water  extracts  from  the  pulveriied  mineral  12-0  p.  c.  aolphnrie 
acid,  without  any  ferric  oiiiJe ;  2*3  p.  c.  acid  remains  behind.  (Rammels- 
berg,  foe.  cit.)  It  appcara  to  be;  (Fo=0',2PO'+8Aq.)-|-4lFeK)',SO' 
+  6Aq). 

Diadotkite.  PlaltnfT. 

SFe^O* 3000       ....      39-77 39-69 

2P0» 142-8       ....       14-SG        U-Sl 

4SO= 1600       .,..       lC-31         1S15  ^_ 

32HO 288-0       ....      29-36        30-35  _■ 


980-8 


100-00 


lOO-OO 


IrOK  AHO  SELENir». 

A.  Selbmide  op  IboNi— Vapours  of  scleninm  parsed  over  heated 
iron  filings  combine  therewith,  prodnetng  considerable  evolution  of  )ight 
and  beat;  when  iron  filings  are  beatcd  with  pulverised  selenium,  partial 
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combustion.    YellowiBli- 

granular  fracture; 


rllowlBll-      ^^H 

when     ^^H 

!  before       ^^^ 


eonibinatioii  takes  place,  onatteixled  witb 
grey,  with  metallia  lustre;  hard,  britt-lo, 

Deate«l  aloue,  it  dues  aol  fuse,  biit  merely  bakes  ^og-ctlier.  Fasea  before 
the  blowpipe,  giviaK  off  saboxiile  of  selenium,  ami  formiug  a  black, 
brittle  globule,  which  has  a  conoboidal  fractnro,  and  appears  to  consist 
of  ferrous  seienite.  Dissolves  in  hydrochloric  acid,  with  evolution  of 
Mleniurettod  hydrogen  gas.  If  the  bydroohloric  acid  contains  air,  or  if 
the  air  boa  access  to  the  liquid,  a  red  cloud  is  formed,  arising  from  the 
iMnttion  of  seleninni;  at  the  same  timo  there  is  evolved  another  gas 
rhicb  has  a  very  disagreeable  odour,  is  not  absorbed  by  water  or  by 
aqueous  alkalis,  and  gives  a  black  precipitate  with  nitrate  of  mercurons 
oxide. 

Pounded  aelanide  of  iron,  when  heated  with  froo  selenium,  takes  up 
additional  quantity,  and  is  converted,  into  a  brownish  powder,  which  la 
insolnblc  in  hydrochloric  acid,  and  gives  off  the  exoees  of  selenium  at  a 
mug  led  beat.  (Derzelius.) 

B.  Selknitb  op  Ferrous  Oxide,  or  FERRons  Selgkite, — Iron  is 
■uroely  attacked  by  selooious  acid,  bixt  becomes  covered  with  a  copper- 
Volonred  film  of  selenium. — a.  MonoKlenile.  Formed  by  double  affinity, 
iWliitfl  precipitate,  which,  when  exposed  to  the  air,  first  turns  grey,  and 
lllieii   yellow.     When  freshly  preoipitH.ted,  it  dissolves  in   hydroclilorio 

cjd — the  solution  containing  ferric  oxide  and  sclenious  acid,  and  a  porttoa 
i  the  selenium  being  separated. 

b,  BiseUnite. — By  dissolving  a  in  sclenious  acid,  from  whiuh,  how- 
sver,  tt  is  soon  deposited.     Slightly  soluble  in  water;  the  solution,  when 
1,  yields  a  brown  precipitate,  which  is  a  mixture  of  selenium  and 
'ferric  selonite.  (Berzclius.) 

C.  Selrmte  of  Ferric  Oxidb,  or  Ferric  Selesite. — a.  Seiqni- 
tlcaitt. — By  digesting  &  or  c  in  ammonia.  Does  not  dissolve  in  water, 
lut  passes  with  it  tbrougli  the  filter.  Contains  about  48  ferric  oxide  to 
>9  acid;  the  latter  is  complotelv  evolved  on  the  application  of  heat. 

6.  TerteUnit«. — By  double  Jecimipositiou.  White  powder,  becoming 
DMowhat  yellowish  when  dry.  When  heated,  it  gives  off  water,  turns 
ed,  and  loses  all  its  acid.    According  to  Muspratt,  it  contains  4  at«me  of 


I 


fl.  SaxuUniU. — When  iron  \t 
^tliDg  nitric  acid  and  selenious  i 
Butaoeio-grecn  laminic,  which  gi 
lettted,  afterwards  become  red  on 
•cid,  leaving  sesquioxido  of  iron. 


diswilvcd  in  excess  of  a  mixture  of 
ri;id,  this  salt  crystallixes  on  cooling  ia 
'e  off  their  water  and  turn  block  when 
coolicg,  and  give  off  all  tlieir  seleniuua 
luble  iu  water,  but  dissolves 


I  hydreddoric  acid,  forming  an  orange-yellow  solution,  (fieraelius.) 


Iron  t 


I  Iodine. 


A.  Protiodide  07  Ibo!t,  or  Ferrous  Iodide. — I.  The  two  substancaB 
lita  readily,  with  slight  evolution  of  heat,  and  form  a  brown  mass 
which  fnsca  at  a  red-heat  and  vobitilizes  at  a  higher  temperature. 
(Qny-Lussoo,  H.  Davy.) — 3,  ^erullas,  by  passing  iodine  vapour  and 
FTHour  of  walt'r  through  a  rod-hut  gua-barrel  containing  charcoal,  ub- 
Wn«d  highly  lustrous  crystals  which  looked  like  gold  filings  and  contained 
iodine  ud  iroa.^-3.  Whoii  1  pait  of  iron  is  digested  in  water  with  2  part« 
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of  iodine  and  the  reeultin^  aqneona  iodide  cf  iron  boiled  dovn  in  a  gUfi 
Bnfk  ia  which  an  iron  wire  ie  placed,  a  eteel -grey  mass  is  obtained,  bavin^ 
a  bmiinar  fracture,  fnsing  at  177°,  of  sharp  and  astringent  taale,  and 
amclling  of  iodine  while  yet  moiEt.  When  strongly  heated  in  the  air,  it 
eivca  off  iodine  in  vaponr,  and  is  converted  into  ferric  oxide.  (Todd 
Thomson.) 

Undrattd  PrUiodide  of  Iron,  or  Hydriodate  of  Ferrous  Oxide. — The 
aeneous  solution  evaporated  in  the  water-batb  yields  dark  greenish'brown 
rhombic  crystals,  which,  when  strongly  healed  in  the  air,  give  off  water 
and  io<linc  and  leave  seEquioxide  of  iron.  (J.  D.  Smith,  PhiL  Mag.  J.  7> 
156;  also  Jf.  Br.  Arch.  5,  5G.)  The  aqueous  solution  concentrated  ina 
retort  till  it  froths  up  and  attainu  the  cotuistence  of  oil,  solidifies  to  a 
greenish-black  cryBtalline  mass,  consisting  of  green  crystals  which  pass  U> 
a  higher  state  of  oxidation  even  when  kept  in  air-tight  bnt  not  exbaoMed 
vessels.  (Kanier,  Ann.  Phami.  29, 183.) — The  crystalline  mass  is  myi^b- 
black,  radiating,  and  yields  a  bluish-green  powder,  which,  when  kept  for 
4  months  in  a  stoppered  bottle,  becomes  covered  with  huninm  of  iodine, 
nnd  afterwards  dissolves  but  partially  in  water,  forming  a,  black-brown 
solution,  while  ferrio  oxide  remuns  undissolved.  (Preuss,  Ann.  Pkam, 
29,  339.) 

Ankjidrom.  Crgtiallizti.  Smith. 
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Aqueoui  Protiodule  of  Iron,  or  Aqueout  Bydriodate  of  Ferrous  Oxidt. 
^When  1  part  of  iron  ia  brought  in  contact  with  2  or  3  parts  of  iodine 
and  with  water,  heat  is  evolved  and  a  pale  blnieli-grccn  solution  formed. 
This  liquid  rapidly  absorbs  the  oxygen  of  the  air,  with  formation  of  ferrie 
oxide — whereby  a  small  quantity  of  basic  salt  is  deposited — and  evolution 
of  iodine.  This  tendency  to  oxidation  majf  be  almost  wholly  prevented 
by  adding  sugar  in  quantity  equal  to  twice  that  of  the  iodine,  and 
evaporating  to  the  consistence  of  syrup.  (Frcderking.) 

There  ai)pear8  to  bo  no  Seiqtii-iodide  of  Iron,  or  TtrhijdriodaU  of 
Ferric  Oxide. 

1.  When  2  parte  of  iodine  diffused  through  water  are  Buturated  with 
iron,  and  I  part  more  of  iron  added  to  the  pale  green  filtrate  (which  a 
capable  of  taking  up  more  than  I  pt.)  there  is  produced  a  dark  red-brown 
mixtnre,  which  amella  strongly  of  iodine,  and  is  probably  a  mere  solntion 
of  iodine  in  nqueous  protiodidc  of  iron  [bydriodile  of  ferrous  oxide];  it 
exhibits  the  reactions  of  a  ferraus  salt:  Green  precipitate  with  caustic 
alkalis  and  green  with  alknline  carbonates,  soon  taming  red-brown;  no 
rcilouring  with  sulphocyanide  of  potaesium  (but  on  the  addition  of  sesqni- 
chlorido  of  iron,  tne  red  colour  immediately  appears);  blue  with  starch; 
nnil  nevertheless  a  blue  precipitate  with  ferrocyauide  of  potassium.  The 
Hiisture  when  evaporated  gives  «fr  iodine  and  leaves  a  orown-red  mass. 
(Kcmer,  Ann.  Phnrm.  30, 117.) — The  precipitate  formed  by  ferrooyanide 
of  potassium  ia  light  blue  at  first  and  afterwards  [in  consequence  of  the 
free  iodinel]  Itecomes  dark  blue.  Keiricyanide  of  potJissiam  gives  inuue- 
diately  a  dark  blue  precipitate.  The  solution  evaporated  to  the  consietence 
of  syrup,  whereby  iodine  is  evolved,  crystalliMs  on  cooling  in  vefy 
deliqnesoent  red-brown  needles,  from  which  water  extracts  protiodide  of 
iron  containing  excess  of  iodine,  and  tcitvcs  ferric  oxide.  (Oberdorffer, 


,  Sr.  Areh.  22,  208,)  —  2.  Aqueous  bydriodie  acid  prepared  from 
126  parts  of  iodine,  wliea  gently  beated  witb  csccea  of  recently  preci- 
Mlaled  hydntto  of  ferric  oxide,  dissolvce  a  quantity  corrt-spondiDg  to 
IS'iifi  parta  of  tbe  anhydroDG  oxido.  The  solution  emelle  of  iodine  nnd 
nahibita  the  reactitine  mentioned  nnder  (I);  hence  it  would  appear  tbnt 
^^jort  of  tbe  ferric  oxide  and  the  bydriodie  acid  decompose  each  other, 
fielding  protiodide   of  iron,   free   iodine,   and  water.   (Kemcr.)     [The 

RD&Dtity  of  ferric  oxide  which  Kemer  fonnd  to  be  dissolved,  is  too  great 
>  comrspond  with  the  formnla :  Fe'0'  +  3HI=2FeH-l  +  3HO.]— Tbe 
veil owieh- red  solution  of  ferric  oxide  in  aqneoua  hydriodjc  acid  is  partly 
(ewlved  by  beat  into  protiodide  of  iron  and  free  iodide.  (Lassaigne, 
''.  Chin,  mid.  5,  833.) — 3.  Aqueous  protiodide  of  iron  deposits  forrio 
e  when  exposed  to  the  air;  the  remaining  liquid,  however,  contains  no 
□i-iodide  of  iron,  but  (to  jnd^eby  its  reactions  with  alkalis)  protiodide 


iron  and  free  iodine,  ^F.  Squii 
According  to  Berzchue,  the 


J,  Phil.  Mag.  J.  9.79.) 


KnKiBing  aqueous  protiodide  of  iron  to  tbe  air,  is  not  pure  ferric  o 
■  Dtuiic  ealL 

B.  lodate  of  Ferroiis  Oride,  or  I'trrovi  lodaU?  —  Iron  dissolves 
without  effervcecence  in  iodic  acid  either  dilute  or  concentrated;  when  the 
JHtlntion  is  boiled,  a  white  powder  ia  precipitated.  (A.  Connell,  ■N'.  Mdmh, 
J*iii,  J,  H,  72.) — lodate  of  potasb  gives  a  yellowisli-wbite  precipitate 
solution  of  green  vitriol.  (Pieischl.)  The  precipitate  is  Bolttble  in 
<exceBB  of  solution  of  green  vitriol;  bciice,  it  is  only  on  the  addition  of 
CDnsidenkble  quantities  of  iodate  of  potash,  that  tbe  precipitate,  which  ia 
of  »  dingy  flesh-colour,  becomes  permanent.  It  has  an  astringent,  ferru- 
^DOQS  taste.  It  dissolves  sparingly  in  water,  readily  in  eolation  of  green 
Titriolj  the  latter  solntion,  when  hoiI«d,  deposits  basic  iodate  of  forrio 
oxide,  iodine  being  set  free  at  the  same  time.  (Gciger,  Maff.  Phana.  29, 
S53.)— Tbe  precipitate  which  iodate  of  potash  yields  with  green  vitriol  ia 
irhite  at  fint,  but  soon  turns  yellow,  giving  off  iodine  and  increasing  in 
qoantity,  and  afterwards  changes  to  Brown  basic  lodate  of  ferric  oxide. 
The  mother-liquid,  which  has  a  yellow  colour,  deposits  an  additional 
tity  on  boiling,  and  is  afterwards  found  to  contain  free  bydriodie 
«oid.  (RammelBborg,  Pogg.  44,  55D.) — With  hydrochlorato  of  ferrous 
oxide  mlate  of  potash  gives  a  white  precipitate,  wbiob  when  heated  gives 
off  cblorine  and  turns  brown.  (Simon.) 

3.  Iodate  op  Fkbbic  Oxibe. — a.  Batie  Salt. — Precipitated,  on 
beating  a  mixture  of  iodate  of  potash  and  green  vitriol,  in  the  form  of  a 
ycUowish-brown  powder,  having  an  astringent,  ferruginous  taste.  When 
Be&ted  in  contact  with  ]>aper,  it  detonates  and  gives  off  iodine  Tajiour. 

Sciger.) — The  light  brown  precipitate  which  forms  when  the  mixture  is 
t  to  stand  in  the  cold  for  some  time,  dissolves  in  hydrooblorio  acid  with 
t»pid  evolution  of  cblorino,  whereupon  ammonia  throws  down  a  mixturo 
itf  hydr»ted  ferric  oxide  and  iodide  of  nitrogen,  which  detonates  violently 
wfavn  dry.  Dissolves  readily  in  nitric  acid,  forming  a  liquid  which 
Bontains  do  bydriodie  acid,  smce  it  gives  with  nitrate  of  silver-oxide  a 
'Mptoos  precipitate  perfectly  soluble  in  ammonia.  The  light  brown 
tncipitate  contains  19'28  per  cent,  of  ferrie  oxide,  70'73  iodic  acid,  and 
1-90  water:  it  ia  therefore  3Fe'0',5lO'H-15Aq,  (Rammelsherg.)  [The 
ftiTmuIn  4Fe'O',7I0'-H8Aq.  corres^nds  still  more  closely  with  the 
analyus;  but  both  these  fonuulic  are  iiTiprobabto.] 
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b,  BiniodaU, — Iodic  acid  and  iodate  of  potash  form  with  hydrochlorate 
of  ferric  oxide  a  white  precipitate  soluble  in  excess  of  the  ferric  hydro-, 
chlorate.  (Pleiechl.)  This  precipitate,  after  washing  and  drying,  has  a 
dirty  white  colour  and  a  weak  ferruginous  taste;  is  resolved  by  heat  into 
iodine  vapour  and  ferric  oxide;  deflagrates  with  a  violet  light  when  heated 
with  charcoal  powder;  dissolves  readily  in  hydrochlorate  of  fenio  oxide 
and  in  500  parts  of  cold  water.  The  latter  solution  is  colourless,  bat 
tarns  slightly  brown  when  heated  and  deposits  a  few  flakes.  rOeiger.)— 
The  precipitate  obtained  with  iodate  of  soda  and  sulphate  of  ferric  oxide 
and  ammonia  is  yellowish-white,  with  a  tinge  of  red  after  drying;  if 
resolved  at  a  red-heat  into  oxygen  gas,  iodine  vapour  and  ferrio  oxide; 
and  is  sparingly  soluble  in  nitric  acid.  (Rammelsberg.) 

RammeLsberg. 
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D.  and  E.  Ferrous  and  Febric  Periodates. — Mono-iodate  of  soda 
gives  with  ferrous  and  also  with  ferric  salts,  yellowish-white  precipitates 
soluble  in  dilute  nitric  acid.  (Benckiser,  Ann,  Pharm,  17,  260.) 


Iron  and  Bromine. 

A.  Protobromide  of  Iron,  or  Ferrous  Bromide. — Bromine  does 
not  act  upon  iron  in  the  cold.  (Berthemot.) — 1.  When  bromine  ^"apoor 
is  passed  over  gently  ignited  iron  wire,  the  wire  glows  vividly,  fuses,  and 
is  converted  into  yellowish  protobromide  of  iron.  (Licbig,  Schw,  48,  107.) 
-—Iron  filings  similarly  treated  bake  together  into  a  greyish  mass  covered 
with  golden-yellow  scales  of  [sesquifj  bromide  of  iron  which  may  be 
sublimed.  (Berthemot,  Ann,  Chim.  Phys,  44,  391 ;  also  J,  Pharm,  16, 657.) 
—2.  When  iron  filings  arc  heated  with  hydrobromate  of  ammonia^ 
hydrocen  gas  and  ammonia  are  evolved,  and  bromide  of  iron  in  a  very 
difficultly  fusible  state  remains  behind.  (Lowig.) — 3.  A  solution  of  iron 
in  bromine  and  water,  the  iron  being  in  excess,  leaves  dry  bromide  of 
iron  when  evaporated.  (Berthemot.) — Protobromide  of  iron,  when  ignited 
in  the  air,  yields  a  sublimate  of  sesquibromide  of  iron,  while  sesquioxide 
remains  behind.  (Lowig.) 

Aqueous  Protobromide  of  Iron^  or  IIydrohrom(tie  of  Ferrous  Oxide, — 
When  bromide  of  iron  is  dissolved  in  water,  or  when  iron  is  dissolved  in  a 
mixture  of  bromine  and  water,  or  in  aqueous  hydrobromic  acid,  a  pale 
green  solution  is  obtained,  which,  when  cooled  after  evaporation,  yields 
rhombic  tables  of  sex-hydra  ted  bromide  of  iron,  and  when  exposed  to  the 
air  turns  brown  and  deposits  ferric  oxybromido.  (Ldwig.) 

Anhfdroui.  Berthemot. 
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B.  Sesquibromide  of  Iron,  or  Ferric  Bromide. — 1.  By  heating  the 
protobromide  with  brooiine.  (Lbwig.)— 2.  By  evaporating  to  dryness  a 


IRON  AHD   CULURIN'B. 

hition  of  iron  in  excees  of  bromino-w-ater.  (Lieblg. — Brown-red;  f 
t  a  gentle  Lent;  white,  at  a  higber  temperature,  jiart  of  it  eublimei  in 
]ftniina>  reaembUng  mosaic  gold,  and  tlio  re.st  ia  resolved  into  vapour  of 
bromine  and  :i  residue  of  ferrons  bromiiie.  (Lowig.) 

Aqueout  Setquibromtd^  of  Iron,  or  Itydrobromate  of  Ferrit  Oxide.-~~ 
Be«(|titbromide  of  iron  deliquesces  when  exposed  to  tlie  air.  (Liebig.) — 
The  same  eolation  ia  obtained  bj  ilisfiotving  tijdratcd  ferric  oxide  in 
'  I  acid,  or  by  mising  aqueous  protobromide  of  iron 
BolutioD,  which  is  of  a  yollo wish-brown  colonr,  mnch 
ulcer  th&Q  that  of  the  sesqutchloride,  and  has  a  strongly  fermginona 
^^  iBte,  gives  off  hydrobromio  acid  when  eraporated,  and  deposits  the  fol- 
lowing compound.  It  does  not  yield  crystals  when  concentrated  to  the 
leonebtence  of  a  syrup ;  hut  when  completely  evaporated,  loaves  a  brown- 
led  mixture  of  the  following  compound  and  sesquibromide  of  iron,  which 
l&tter  may  be  sublimed  by  heat.  (LBwig.) 

C.  Fekric  Oxvbromide. — A  compound  of  sosqaioxido  of  iron  with 
the  sesqui bromide. — Precipitated  on  evaporating  the  aqueous  solution  of 
•ea^uibrumide  of  iron,  or  od  mixing  it  with  an  insudcient  quantity  of 
potash-ley,  or  on  exposing  aqueous  protobromide  of  iron  to  the  air. 
(Lowig.) 

Bromino-water  convcrtB  hydrated  ferrous  oxide  into  hydrated  ferric 
oxide  and  bromide  of  iron,  which  diESolves;  not  a  trace  of  ferric  oxide  \a 
taken  up.  (Balard.) 

Ilromnte  of  Ffrroui  Oxide  does  not  appear  to  exist.  Green  vitriol 
yields  with  bromate  of  potash  a  brown-red  precipitate,  wbicli  dissolves  in 
k  larger  quantity  of  water,  forming  a  brown-red  solution.  (Lbwig.)     Tliia 

stpitate  consists  of  basic  sulphnto  of  ferric  oxide,  and  the  liquid  coa- 

B  free  bromine.  (Rammelsberg.)  Bromate  of  potash  yields,  with 
lydrochlorato  of  fcrrona  oxide,  without  precipitation,  a  darker  mixture, 
which  acquires  a  dark  brown  colour  when  heated.  (Simon.) 

Bromate  op  Ferric  Oxide,  or  Ferric  Bromate. — Recently 
precipitated  hydrate  of  ferric  oxide  yields,  with  aqueous  hromic  acid,  » 
teddish-yellow  solution,  which,  when  evaporated  over  oil  of  vitriol  in  a 
■  filled  with  air,  acquires  a  greenish  tinge,  and  without  yielding 
,  forms  a  syrup,  and  afterwards,  on  evaporation  over  the  watcr- 
n  dark  brown  masa,  from  which  water  dissolves  nut  the  smaller 
log  a  yellowish  solution,  while  the  greater  part  remains 
indiesolvcd  in  the  form  of  a  quintobasic  tall.  This,  when  ignited,  evolves 
irnter,  oxygen  gas,  and  bromine  vapour,  and  leaves  black  ferric  oxide;  it 
(UaaolvcB  in  nitric  acid.  (Rammelsberg,  Poi/i/.  55,  68.) 


H        PROTocnLOfliDE  OF  Inojf,  or  Fimnoua  Cni.nniDE.  —  1.  Formed  by 

H  Wiling  down  a  solution  of  iron  in  liydr«cblaric  acid  out  of  onntact  of  air, 
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porformecl  in  a  gloes  tube  closed  at  one  end,  and  drawn  out  to  a  fine  point 
at  tlio  other;  or  iu  a  stream  of  liydro»?u  gas. — ^3.  By  passing  chlorine 
gas  through  a  red-hut  gun-barrel  filled  with  iron  turnings,  the  barrel 
being  connected  ininicdiately  at  the  part  which  projects  from  the  furnace, 
with  a  receiver  iu  which  the  chloride  of  iron  sublimes. — 3.  By  passing 
hydrochloric  acid  gas  over  red-hot  iron  filings. — 4.  When  iron  filings  are 
heated  with  sal-ammouiac,  protochloride  of  iron  remains  in  the  residue. 

When  prepared  by  method  (I),  it  is  white  (Chevreul),  without  metallic 
lustre,  opaque,  and  has  a  laminar  fracture;  fuses  at  a  red  heat,  but  does 
not  volatilize  even  at  the  melting  point  of  glass.  (J.  Davy,  Schto,  10,326.) 
— By   (2),   small   white    scales    are    obtained.  (Thenard,    TraUi.) — By 


and  formed  a  colourless  liquid,  which  turned  green  in  the  air,  and  gave 

a  black  precipitate  with  ammonia. 

J.  Davy. 

Fc    27-0      ....      43-27        4657 

g    35  4      ....       56-73        53-43 

FeCl    6?4       ....     10000        lOO'OO 

Decomposed  by  ignition  in  a  stream  of  oxygen  gas  or  with  chlorate 
of  potash,  yielding  ferric  oxide  and  chlorine.  (Gay-Lussac.)  When 
heated  with  moderate  excess  of  air,  it  gives  up  one-third  of  its  iron  to  the 
oxygen,  and  is  converted  into  sesquichloride  of  iron  which  sublimes,  and 
sesquioxide  which  remains  behind: 

6FeCl  +  30  =  2Fc2Cl»  +  Fc^O*. 

When  brought  in  contact  with  vapour  of  water  at  a  red  heat,  it  gives  off 
hydrochloric  acid  and  hydrogen  gas,  and  is  converted  into  ferroso-ferric 
oxide.  (Gay-Lussac,  Ann,  Chim,  Fhys.  22,  424.) 

3FeCl  +  4HO  =  Fe^O*  +  3HC1  +  H. 

With  pliosphuretted  hydrogen  gas,  even  at  ordinary  temperatures,  it 
forms  hydrochloric  acid  gas  and  phosphide  of  iron.  (H.  Rose,  Fogg, 
24, 301.) — Oil  of  vitriol  decom]>oses  it,  even  when  cold,  the  products  being 
hydrochloric  acid  gas  and  ferrous  sulphate.  (A.  Vogel.)  Does  not  yield 
sulphide  of  iron  when  ignited  with  sulphur.  (A.  Vogel.) 

Tetra-hydrated  Protochloride  of  Iron,  or  Ter-hydraUd  Ilydi'ochlorate 
of  Ferrous  Oxide, — Formed  by  evaporating  and  cooling  a  saturated  solu- 
tion of  iron  in  hydrochloric  acid  out  of  contact  of  air. — Hydrochloric  acid 
is  boiled  with  excess  of  iron  in  a  narrow-necked  flask,  till  it  is  thoroughly 
saturated  and  suflBciently  concentrated;  the  liquid  thereby  acquires  a 
brownish-grey  colour,  and  often,  towards  the  end  of  the  operation,  becomes 
pale  grey  from  formation  of  a  basic  ferrous  salt,  and  exhibits  a  tendency 
to  frothing;  hence  the  heat  must  be  kept  moderate  towards  the  close  of 
the  process.  The  solution  is  then — as  in  the  preparation  of  green  vitriol — 
passed  through  a  filter  moistened  with  water,  the  filter  being  placed  in  a 
funnel  having  a  long  neck  which  reaches  to  the  bottom  of  a  vessel  pi-c- 
vioualy  rinsed  out  with  hydrochloric  acid.  The  resulting  crystals  are 
exposed  to  sunshine  at  a  temperature  between  30'  and  40",  and  constantly 
turned  till  they  are  dry;  they  are  then  preserved  in  stoppered  bottles. 
They  keep  best  when  they  have  been  dried  at  50°:  at  that  temperature, 
however,  they  eflloresce  slightly,  (v.  Bousdorfl*,  Fogg,  31,  80.)— Light 
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r,  tfMulDCtmt,  oblique  rhombic  prisois,  truncated  on  the  aontQ  lateral 

■iKlgea  (^1^7.  87),  witbout  the  i- and  A-facea;  often  shortened  into  tables. 
I  {X^iiadorff.}  Pale  green,  broadly  truncated  rhombic  octohedrons,  or 
^riiombic  prisms  acuminated  with  uctubedral  tucaa.  {Figg.  42  and  44  ; 
■Beimann,  Mag.  Pkarm.  17,  215.)— In  ordinary  air,  Uio  crystals  soon 
■  scquire  a  grosa-^reen  colonr;  in  air  dried  by  oil  of  vitriol,  they  qQickly 
f  •fflorcsoe  to  a  white  powder.  (BonadorS*.)  When  heated,  they  fuse  in 
1  (tcir  water  of  cryslallizatina,   (Beiniaiin.) 

When  iron  is  dissolved  in  strong  hydrochloric  acid,  oryatals  are  formed 
n  certaiu  stage  of  the  oiieration,  which  dissolve  in  water  with  decrepi- 
Ltstioii  and  evolution  of  an  inflammable  gas.  (Hess,  J.  pr.  Chtin.  25,  126): 


1 


lAocording  to  Graham,  also  {Ann.  Pharm.  29,  31)  the  crystals  contain 
^  At.  water  to  1  At.  chloride  of  iron. 

Protochloride  of  iron,  whether  dry  or  hydratcd,  deliquesces  rapidly  in 
le  Mr  and  dissolves  readily  in  water  and  alcohol;  1  part  of  the  hydrated 
dt  requires  0-6S  cold  water  to  dissolve  it.  (Beiraann.) 

The  aqueous  solution  of  protochloride  of  iron — in  the  ettme  manner  a* 
reeB  vitriol — absorbs  4  At.  nitric  oxido  gaa,  and  thereby  acquires  a 
ark  greenish-brown  colour.  2496  pts.  (4  At.)  protochloride  of  iron 
Evolved  in  either  u  large  or  a.  small  quantity  of  water,  absorbs  25'14 
rts,  of  nitric  oxide,  and  the  mixture  exhibits  the  same  rehitioua  as  that 
ibtained  with  green  vitriol. — Dry  protochloride  of  iron  likewise  absorbs 
t  small  quantity  of  nitric  ox.ide,  and  becomes  dark -coloured.  101)  ports 
hf  dry  protochloride  of  iron  absorb  from  2  to  366  parts  of  perfectly  dry 
litric  oicide  gas.  (Graham.) — A  much  larger  quantity  is  absorbed  by  the 
nlutioD  of  ilry  protochloride  of  iron  iu  absolute  alcohol,  which  thereupon 


CVjr.(a//j.eJ. 

BoMdorff. 
63-95       ... 
36-05 

Reimunn. 

a 

4BO    

...      35-4      ....      35-99(       " 
...      360      ....      36-58 

I  33-.13 

Fea  +  lAq 

...      98'4       ....     100-00 

100-00 

«omeB  nearly  block.  A  solution  of  1  pt.  cliloride  of  iron  in  5  pts, 
mkol  saturated  with  nitric  oxide,  evolves  a  portion  of  that  gas  whet 
Kted,  boils  at  100",  giving  ofl'  the  remainder  of  the  nitric  oxide  i 


Itiginal  state,  the  volume  of  the  gas  evolved  being  23  times  that  of  the 
lloobol;  after  several  hours'  boiling,  the  liquid  regains  the  colour  which 
it  had  before  saturatioa  with  the  gas.  (Graham,  PkU.  Mag.  Ann.  4,  S65 
&  331;  also  Schw.  55,  200.) 

B.  SefittricHLORiDE  op  Iron,  or  Pebric  Cqloride. — Perddoride  q/" 
'fwi;  Iron  Subliitiate. — 1,  A  piece  of  iron  wire  or  a  watch-spring  intro- 
looed  red-hot,  or  with  a  piece  of  burning  tinder  at  the  end,  into  chlorine 
[M,  bums  with  a  red  glow  and  forms  this  compound,  which  then  enblimcs, 
'beMmo  result  maybe  obtained  by  passing  chlorine  gas  over  gently 
eBl«d  iron. — 2.  Protochloride  of  iron  Liealed  in  chlorine  gas,  is  converted 
Into  the  sesquichloiide. — 3.  When  protochloride  of  iron  is  heated  in  a 
T4Bwl  containing  air,  sefiqulchloride  sublimes,  and  sesquioxide  remoius 
luthiod. — 4.  When  an  aqueous  solution  of  the  sesqni chloride  is  evaporated, 
tlx  dry  compound  remains  behind,  mixed  witli  more  or  less  ferric  oxy- 
ehloriile;  the  dry  residue  gently  igtiit«d  in  a  loosely  closed  flask,  yiclda 
the  aesquichlorldo  sublimed  iu  laminu?. — S.  A  mixture  of  1  pt.  calcined 
' lolphatc,  and  1  pt.  chloride  of  calcium,  is  ignited  in  a  flask  till  the 


i 
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ferric  cliloride  sublimea.  (Baar,  Hepert,  25,  432.) — Iron-black,  iridesoent 

tables,  having  a  metallic  lustre,  and  volatillxiiig  and  sabliming  somewhat 

above  100^ 

J.  Davy. 

2Fe    54-0      ....      33*71        35-1 

3Cl    106-2      ....       66-29        649 

Ftr,CP  160-2       ....     10000        ZZ       lOO'O 

When  bcated  in  contact  with  oxygen  gas,  it  yields  ferric  oxide  and 
chlorine;  heated  with  aqueous  vapour,  it  terms  ferric  oxide  and  hydro- 
chloric acid  gas.  With  oil  of  vitriol  and  with  sulphur,  it  behaves  like 
the  protochh>ri<lc.  (A.  Vo^el.) 

Hydrated  SesquicMoride  of  Iron,  or  Hydrochlorate  of  Ferric  Oxide. — 
Scsquichloride  of  iron  dis^iolvcs  in  water  with  considerable  evolution  of 
heat,  and  like  wises  deliquesces  in  the  air.  The  liquid  formed  by  deli- 
quescence is  called  Oleum  Martis,  The  same  solution  may  bo  obtained  bj 
tlie  following  methods  :  1.  By  dissolving  ferric  oxide  or  its  hydrate  in 
boiling  hydrochloric  acid.  Pure  blood-stone  finely  pounded  may  likewise 
be  used  for  this  pur|>oso.  (Molir.)  2.  By  dissolving  iron  to  saturation  in 
a  definite  quantity  of  hydrochloric  acid;  filtering  the  solution,  and  mixing 
it  with  half  OS  much  hydrochloric  acid  as  it  already  contains;  then  heating 
the  liquid  to  ebullition  in  a  capacious  vessel,  and  adding  nitric  acid  in 
small  portions  till  the  dark  brown  colour  first  produced  by  the  absorption 
of  nitrous  gas  has  given  placo  to  a  yellowish-brown,  and  the  further  addi- 
tion of  nitric  acid  produces  no  evolution  of  nitrous  gas.  The  mixture  is 
very  apt  to  froth  over,  especially  towards  the  end  of  the  operation,  when 
all  the  nitric  oxide  which  has  been  ab8orbe<l  is  evolved.  The  same  result 
may  also  bo  obtained  by  dissolving  iron  in  aqua-regia;  but  it  is  not  easy  to 
hit  the  right  proportion  of  the  acids. — 3.  By  passing  washed  chlorine  gas 
through  aqueous  hydrochloric  acid  saturated  with  iron,  as  long  as  the  gas 
is  absorbed.  The  dark  brown  liquid,  which  has  a  rough  taste  and  colours 
the  skin  yellow,  yields,  on  evaporation  and  cooling,  crystals  containing 
two  different  proportions  of  water. 

a.  Penta-hydrated, — 1.  Obtaine^l  by  evaporating  the  liqnid  to  a  symp 
-—mixing  it  with  a  small  quantity  of  strong  hydrochloric  acid  to  re-dissolve 
the  precipitated  ferric  oxychloride — and  leaving  it  to  itself  in  the  cold. 
(Stein,  Kepert,  13,  264.) — 2.  By  fusing  the  crystals  6— evaporating  till 
the  licjuid  becomes  perfectly  solid  on  cooling — replacing  the  lost  hydro- 
chloric acid — and  leaving  the  solution  to  cool.  (Fritzsche.) — 3.  The 
crystals  6,  placed  beside  oil  of  vitriol  under  a  receiver  containing  air, 
soon  deliquesce  and  form  a  thick  liquid,  in  which  large  crystals  then  form, 
till  the  whole  is  converted  into  a  mass  of  crystals.  (Fritzsche,  J,pr,  Chem, 
18,479.)  Aurora-red  tables  (Stein);  large,  deep,  reddish-yellow  crystals, 
which  fuse  readily,  and  .solidify  apiin  at  42 ';  they  absorb  water  from  the 
air  very  rapidly,  and  with  evolution  of  heat.  (Fritzsche.) 


2Fe 

3C1 

54-0 

106-2 

•  ••• 

26.32 
51-75 
21-93 

.  Fritzsche  {mean,) 

27' 12 

50  72 

5HO    

45-0 

21-80 

F&-*C13  +  5Aa.... 

205-2 

•  ••  • 

10000 

luo-^u 

When  the  crystals  a  and  h  are  shaken  together,  a  slight  fall  of  tempora- 
'^^nre  takes  place,  and  a  liquid  is  obtained — the  same  as  tluit  produced  by 


^^^M  FERRIC  OXTCHLORIDE. 

I.'linperrect  evaporation  of  the  crystala  li — whicL  produoos  gre&t  heat  when 
iBtixed  with  water.  (Fritzsche.)  1  At.  ferric  chloride  dissolved  ia  9  At. 
^^rater  vieldj  a  liquid,  which  ia  identicnl  with  the  Oleuni  Martit  uf  the 
^bder  chomiets  (as  obtained  by  deliquuac«uoo  of  the  solid  chlnride  in  the 
^Kr),  has  a  density  of  1-545,  and  refusew  to  cryatatlise.  (Kinaat.)  Hence 
^Bfcere  are  two  aolutiooB  of  ferric  cblorido  iu  water  to  be  distinguiiibed;  one 
BftBataining  more  than  5  and  lose  than  ]  2  atoms  of  watfir,  the  other  con- 
ftauuDg  more  than  13  atoms. 

I  h.  Dodtca-hydraUd. — Fenio  chloride  deliquesces  rapidljr  in  the  air, 
I  den  crystallizca  in  tho  form  of  this  salt,  and  afterwards  dchqaesces  much 
ft  lees  quickly.  (Kinast,  KnHn.  Arch.  30,  281.)     This  salt  likewise  scparatca 

■  idowly  from  an  aqneoua  solution  of  the  chloride  not  too  much  concentrated 

■  — ^ne  nwlii  stretching  out  iu  all  directions  from  particular  points,  and 

■  fcrmine  pale  oranee-yellow,  opaque,  hemispherio  nodules,  into  which  the 
I  W'hote  Titinid  is  ultimately  converted.  If  the  OTaporation  has  been  carried 
m  too  far,  llie  syrup  will  not  crystallize  nnlesa  it  be  exposed  for  some  time 

■  to  the  damp  air  of  a  cellar,  from  which  it  can  absorb  water.  (Muhr,  Ann. 
m  ■pkarvi.  28,  173.)  A  crystalline  mass  of  this  nature,  hay  in;;  been  Icept 
W  Tor  half  a  year  in  a  stoppered  bottle,  was  found  to  be  converted  into 
I  firown-red  transparent  rhombic  tables  [«f  salt  a  X\,  surrounded  by  a  small 
L,|pigatity  of  liquid.   (Winckler,  Srpert.  67,  ISO.) 

^^  Frituche  (wMN.)  Mohr. 

^^^.^Vb  .~— 64'0  ....  20-13  21-37       ....  20-69 

^HbKt -..~..».M ....  106-2  ..„  39-60  39-07      ....  3923 

^K  ,  UHO lOB-0  ....  40-27  39-36      ....  40'19 

^f-       re*Cl'+  12Aq 269-2     ...  lOO-OO        100-00      .„.     100-00 

^B  AgVfOtit  Sefpiwbloride  of  Iron,  or  Aqueoug  Terhydroddoraie  of  Ferric 
HkOxNfe,  The  salt  b  deliquesces  slowly  in  the  air.  The  aqueous  solution, 
V-vlien  erapomtfid,  gives  olT  more  or  less  hydrochloric  acid,  depositing 
B  JTenic  oxy chloride;  and  if  evaporated  to  perfect  dryness — whereupon  a 
^  'farther  quantity  of  acid,  together  with  some  ferric  cliloride,  is  given  olf— 
H[H  leaves  a  mixture  of  ferric  chloride  with  ferric  os^'chlorido.  When 
^ndlver  in  immersed  in  the  solution,  protnchloride  of  iron  is  formed,  and 
^hh»  silver  is  converted  into  chloride,  which  is  black  at  first,  bat  aXier- 
^Krords  turns  white.  (Wetzlar.) 

^V  Ferric  chloride  is  likewise  soluble  in  alcohol  and  iu  other  j  but  if 
^Blxposei)  to  light  or  heat,  it  is  converted,  especlrLlly  by  the  etber,  into 
^Hptotochloride.  The  solution  of  ferric  chloride  in  a  smail  ijunntity  of 
^■kleohol  of  96  per  cent.,  remains  liquid  at  7*5";  hut,  if  stirred  with  a  glass 
^Bljod,  immediately  solidifies  to  a  solid  yellnw  crystalliue  mass,  whereupon 
H^ihe  temperature  rises  to+  19".  (Winckler.) 

^ft  C.  Ferric  Oxyculoride,  or  Basic  Ui-crocrloratb  of  Ferric 
^LOxiBS.— a.  Soluble  Compound. — When  reccutlv  precipitated  hydrate  of 
^■Jeriio  oxide  is  odjed  to  an  aqueous  snlutiou  o?  ferric  chloride,  as  long 
^Baa  it  dissolves,  a  dnrk  red  liquid  is  obtained,  bavinfc  a  specilio  gravity  m 
^V 1  "017.  This  liquid  docs  not  become  tarbid  on  boiling,  dilution,  or  ovapo- 
^K  Tstion  to  dryness;  but  if  mixed  with  a  few  drops  of  nitric  acid,  it  deposits 
^B  tbe  greater  part  of  the  oxide  in  the  form  of  a  basio  compound,  and  gives 
^V  •  dark  bluit^Ii-greou  precipitate  with  ferrocyiinide  of  iiotassium.  A  sample 
^K  of  this  liquid  yieldtil  by  precipitatiou  wilh  potash,  155  parts  of  fcrrio 
^■lOxidOi  andaftcrwanlsby  precipitation  with  nitrate  of  silver  (after  addition^ 
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of  nitric  acid)  60  parts  of  chlorido  of  silrcr.  [Hence  tbis  eompoonJ 
appears  to  consist  of  14Fo-0'H-Fe-CP.]  If  more  hjdrated  oxide  be  added 
to  the  liquid  than  it  is  able  to  tike  up,  the  soluble  compound  unites  with 
it,  and  forms  the  insoluble  Taricty.  (Phillips,  Phil.  Mag,  Ann.  8,  406; 
also  Br.  A  rch.  30,  39.) 

h.  Insoluble  Compound.  —  Precipitated  in  rust-brown  flakes  when 
hydrochlorutc  of  ferric  oxide  is  mixed  with  an  insufficient  oaantitjofaa 
alkali,  or  when  it  is  evaporated,  or  when  the  mono-hvarochlorate  of 
ferrous  oxide  is  exposed  to  air  in  the  hydrated  state.  When  heated  it 
first  gives  off  water,  then  ferric  chloride,  and  leaves  ferric  oxide. 

Hypocldoriie  of  Ferric  Oxide  does  not  appear  to  exist.  Hydrated 
ferric  oxide  dried  in  the  air,  and  then  introduced  into  dry  chlorine  «u, 
quickly  fuses  into  a  dark  red  liquid,  which  decolorizes  indigo  and  girei 
off  all  it^  chlorine  at  a  boiling  heat,  leaving  ferric  oxide.  (Grouvelle.) 
The  absorption  goes  on  slowly;  the  solution  exerts  a  decolorizing  action, 
evolves  chlorine  and  hypochlorous  acid  when  heated,  and  deposits  the 
ferric  oxide.  It  appears  to  consist  of  scsquichloride  of  iron  and  free 
hypochlorous  acid,  which,  on  the  application  of  heat,  are  resolved  into 
free  chlorine  and  ferric  oxide.  Aqueous  hypochlorous  acid  does  not  dis- 
solve ferric  oxide;  and  when  hypochlorite  of  lime  is  mixed  with  ferrie 
sulphate,  the  ferric  oxide  is  precipitated  together  with  the  sulphate  of 
lime,  and  free  hypochlorous  acid  reniaius  in  the  liquiii  (Balard.) 

D.  Perchlorate  of  Ferrous  Oxide,  or  Ferrous  pBRcnLORATB.— 
When  green  vitriol  is  precipitated  by  perchlorate  of  baryta,  and  the 
liquid  filtered  and  eva|>orated,  long  colourless  needles  are  obtained,  which 
remain  permanent  for  a  long  time  in  the  air,  and  then  oxidize  in  the 
manner  of  green  vitriol.  They  scarcely  detonate  on  glowing  coals.  When 
the  solution  i-s  evaporated  in  the  air,  a  small  quantity  of  ferric  salt  is 
formed.  (SeruUas,  Ann.  Chim.  Phys.  46,  305.) 


Iron  and  Fluorine. 

A.  Protofluoride  op  Iron,  FeF,  and  Monohydrofluate  op 
Ferrous  Oxide. — Iron  dissolves  in  wann  aqueous  hydrofluoric  acid,  with 
evolution  of  hydrogen.  The  liquid,  when  evaporated,  yields  white  rect- 
angular tables,  which  turn  pale  yellow  in  the  air.  These  crystals,  when 
gently  heated,  give  off  water,  and  are  converted  into  the  dry  protofluoride 
of  iron,  which  undergoes  no  alteration  when  ignited  in  the  air;  but  if  the 
crystals  are  suddenly  heated,  a  small  quantity  of  hydrofluoric  acid  goes 
ofl  together  with  the  water,  and  the  residue  has  a  red  tinge  from  admix- 
ture of  ferric  oxide.  The  crystals  dissolve  with  difiiculty  in  pure  water 
-—more  easily  in  water  containing  hydrofluoric  acid.  Alkalis  precipitate 
hydrated  ferrous  oxide  from  the  solution.  Protofluoride  of  iron  combines 
with  the  fluorides  of  the  alkali-metals,  forming  colourless,  difficultly  fusible 
compounds.  (Berzelius.) 

B.  Sesqui fluoride  op  Ikon,  Fe"F',  and  Ter-iiydrofluate  op 
Ferric  Oxide. — Formed  by  saturating  aqueous  hydrofluoric  acid  with 
hydrated  ferric  oxide.  The  colourless  solution,  when  evaporated,  deposits 
pale  flesh-coloured  crystals,  having  a  sweet  and  rough  taste.  These 
crystals  ro-dissolvo  perfectly,  but  slowly,  in  water,  forming  a  coloarless 
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juIIIIiotIiIc  of  iron  combini^H  with  otlior  metallic   flaorideB, 
iugconi|iuimil8  which,  for  the  most  part,  are  ncarlv  or  quite  insoluble, 
nt  nevcTthelesH  hk  not  Jcpoaited  from  a  misturu  of  tlie  aqueoua  soluttODS 
sf  the  two  fluorides  till  heat  ia  applied,  (Berzelius.) 

C.  Ferric  Oxtpluobide,  or  Basic  HrDROFurxTE  op  Ferric  Oxide. 
Precipitated  on  mixing  the  aqiieoua  solution  of  fi  with  excess  of  ammouia, 

Btiaty-yellow  powder.  (Berzelius.) 


Iii< 


-ND  Nitrogen. 


.  Nitride  of  Iron. — Dry  amnioniacal  gas  passed  over  iron  wiro 
beated  to  redneaa  tn  a  tube,  is  resolved  into  hydrogen  and  nitrogen  gases, 
the  iron  becomes  very  brittle,  though  it  doeB  not  perceptibly  increase 
eiglit.  (A.  BerthoUet,  Gilb.  30,  378.)  The  increase  in  weight,  after 
the  gas  has  been  passed  over  the  iron  for  24  Lours,  does  not  exceed  0'2 
pts.  for  100  parts  of  the  iron.  (Tbenard,  An7i.  C'kim.  85,  61j  also  GUb. 
441,  2G7.)  After  0  hours'  passage  of  the  gas,  it  amounts  to  only  0'15  to 
every  100  parts  of  iron;  after  2  hours'  passage  of  the  gas,  the  iron 
^)p.ears  brittle,  exhibits  the  fine-grained  frauture  of  steel,  may  be  hardened 
in  the  same  manner  as  steel,  and  will  then  give  sparks  with  flint;  bat 
ftfter  0  hoars'  pnfisoge  of  the  gas,  it  is  even  softer  than  common  iron,  no 
longer  admits  of  hardening,  and  its  specific  gravity  is  diminished  from 
7-788  to7'6637.  (Savart,  Jnn.  CAim.i^/iys.  37,  326;  also  Poffy.  13,172.) 
—When  ammoniaeal  gas,  freed  from  water  and  carbonic  acid  hy  passing 
over  chloride  of  calcium  and  hydrate  of  potash,  is  passed  for  0  or  S  hours 
over  red-hot  iron,  100  parts  of  the  iron  increase  in  weight  by  7  to  11-5 
.  [11-5  :  100=14  :  121'7;  hence  each  atom  of  nitrogen  is  united  with 
re  than  4  At.  (108  pts.)  and  less  than  5  At.  (135  pts.)  of  iron].  Tha 
nitride  of  iron  thus  obtained  is  white,  brittle,  and  even  friable;  its  ape* 
ifnGo  gravity  often  does  not  exceed  50;  with  the  magnet  and  with  acids 
t  nets  like  other  iron,  but  is  more  readily  altered  by  air  and  water. — 
iHydrogeu  gas,  iiaased  over  red-hot  nitride  of  iron,  withdraws  the  nitrogen 
""  '  U  and  forms  ammonia;  a  ca«e  of  reciprocal  affinity.  The  hydrogen 
jBS  evnlveil  when  nitride  of  iron  is  dissolved  in  dilute  sulphuric  acid 
Mtntaius  about  6  per  cent,  of  nitrogen;  the  ([Oantity  of  gas  evolved  ia 
I  leas  than  when  pure  iron  is  nscd,  because  sulphate  of  ammonia  is 
wd  at  the  same  time.  Sometimes  the  iron,  after  ignition  in  ammo- 
:,  is  found  to  he  altered  in  its  physical  properties,  as  above 
loribad,  and  yet  has  not  increased  in  weight;  in  such  a  case,  the 
inUtiation  of  the  nitrogen  with  ihe  iron  is  but  transient,  hut  has  the 
iffect  of  altering  the  mutnal  arrangement  of  the  atoms.  (Despretx,  ^^nn. 
Ckim.  l-hyt.  42,  122;  also  Pogg.  17,  296.) 

B.  Nitrate  of  Ferrous  Oxide,  or  Ferrocs  Nitrate.— Protoniirafe 
f  Iron. — 1.  Formed  by  precipitating  nitrate  of  baryta  with  an  equivalent 
l^uaiitity  of  ferrous  sulphate  and  evaporating  the  filtrate  in  raeuo  over 
oil  of  vitriol. — 3.  By  dissolving  iron  in  very  dilute  nitric  acid,  and  expos- 
big  the  solution  to  the  air  to  free  it  from  nitric  oxide,  which  gives  it  a 
Muish-brawn  colour.  (H.  Davy.) — The  iron  should  be  immersed  iu 
;w4ter,  and  nitric  acid  free  from  nitrous  acid  and  chlorine,  added  in  small 
portions  aud  wilh  constant  agitation,  so  that  the  temperature  may  not 
"*-^  above  50^;  as  often  ns  the  liquid  cools  down,  fresh  acid  must  he 

TOL.  T.  *  1 


258  IRON. 

added.      T'^nder  tlicRO  circumstances^  no  gas  is  eTolved,  bnt  nitrate  of 
ammonia  is  formed  at  the  same  time.  (Berzelius.) 

HFc  +  lONO-'  +  3IIO  =  8(FoO,NO«)  +  NH'.NO*. 

1  part  of  nitric  arid  with  3  parts  water  evolves  no  gas  in  acting  npon 
iron;  with  2  jKirts  water,  nitrons  oxitlo  is  at  first  evolved,  mixed  with 
nitric  oxide;  afterwards  only  the  latter.  (Pleischl,  Schiv.  38,  464.)  — 
The  pale  ^^reen  solution  thus  obtained  does  not  deposit  ferric  oxide  or 
give  off  nitric  oxide  gan,  till  it  is  heated  to  the  boiling  point.  (Berzeliu^ 
7*0(77.  27,  121.) — 3.  Protosiiljdiide  of  iron  dissolves  in  dilute  nitric  acid 
surrounded  with  a  frij^orific  mixture,  hydrosulphuric  acid  being  evolved 
and  a  <rreeiii.sh  liquid  lorunnl,  which,  on  the  slightest  rise  of  tern {)erat are, 
is  converted  into  a  ferric  wilt.  (Berzelius.) — 4.  The  solution  of  scale-oxide 
of  iron  in  strong  nitric  aci«l  yields,  after  a  while,  nearly  colourless,  right- 
angled  four-sided  prisms  with  dihedral  summits.  These  crystals  deliquesee 
in  the  air,  and  have  a  sharp  ta^fte.  Schonbein  regards  them  as  con- 
sisting of  ferric  nitrate,  to  be  immediately  described.  Tho  solution  of 
the  scale-oxide,  when  heated  or  exj>osed  to  the  air,  is  converted  into  ferric 
nitrate,  with  deposition  of  yellow  flakes.  (VafMiuelin.) 

C.  XiTUATR  OF  Fkuric  Oxidk,  or  Ferric  Nitrate. — PernUraifof 
Tro7i, — Nitric  acid,  when  not  too  <lilute,  attacks  iron  very  energeticallj, 
great  heat  being  produce<l,  nitric  and  nitrous  oxide  evolved,  and  nitrate 
of  ammonia  formed  at  the  same  time;  if  the  acid  is  in  excess,  a  brown 
8oluti(m  is  formed;  if  it  is  (leficient,  a  yellowish-brown  basic  salt  is  the 
result. 

a.  Acid  Salt, — a.  Fonned  by  dissolving  iron,  ferric  oxide,  or  ita 
hydrate  in  heated  nitric  aci<l.  Tiio  anhydrous  oxide  dissolves  very 
slowly  in  nitric  aci<l,  much  loss  readily  than  in  hydrochloric  acid.^The 
yellowish-brown  solution  becomes  syrupy  on  evaporation,  and  subee- 
quently  leaves  a  brown  residue  which  gives  otf  its  acid  when  gently 
heated,  so  that  first  a  basic  salt  and  afterwards  pure  ferric  oxide  is  left. 

fi.  When  1  volume  of  the  concentrated  solution  m  is  mixed  with 
/>  volumes  of  water,  and  the  yellow  mixture  gradually  heated  till  it  boila, 
it  assumes  a  deep  blood-red  colour — retains  tliis  c<>lour  without  becoming 
turbid,  on  cooling, — and  then,  on  the  addition  of  a  small  quantity  of  nitrio 
acid,  deposits  the  basic  salt  b,  /3,  from  which  the  ccdourless  liquid  must  he 
quickly  filtered,  before  the  precipitate  re-<lissolves.  Tho  colourieis 
liquid,  evaporated  to  a  syrup  and  then  left  to  itself  in  close  vessel 
crystallizes  in  colourless  or  pale  yellow  cubes.  Tho  brown  solution  a,* 
may  also  be  mixed  with  an  additional  (piantity  of  nitric  acid:  it  thereby 
becomes  nearly  colourless,  and  on  the  subse(juent  addition  of  water,  loess 
all  its  colour,  and  then,  after  filtering  and  evaporation,  yields  the  same 
cubes.  The  yellowish  colour  of  tho  cubes  disappears  almost  wholly 
when  they  are  dried  between  bibulous  paper,  the  mother-liquid  being 
ther(»by  absorbed.  [Froy  [Kasin.  Arch,  14,  176),  by  a  method  which  h« 
does  not  describe,  obtained  rhoinbohedrons  with  truncated  edges;  angles 
of  the  rhombohedron  =  78"  and  102^. J — The  crj'stals  fuse  at  a  tempem- 
turo  below  50°;  they  deliquesce  rapidly  in  the  air,  forming  a  liquid  of  ft 
honey-yellow  colour,  and  dissolve  in  all  proportions  in  water.  A  some- 
what concentrated  solution  turns  yellow  on  each  application  of  heat,  the 
colour  being  stronger  the  higher  tho  temperature;  a  very  dilute  solution 
becomes  permanently  yellow  by  boiling,  and  if  nitric  acid  bo  added  to  it, 
after  cooling,  it  again  deposits  a  certain  quantity  of  the  basic  salt  b^ 
(SobdttbeiD,  Pogg.  39, 141 .) 
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Iut)le  in  ammonin,  apparently  reiluceil  silrer.— The  composition  of  feme 
azophosphatc  id  as  follows  : — 


Dried  at  or  ahore  100°. 


Gladstone. 


Fe'CP 

..      80 

■  ■■• 

3419 

2P 

..      64 

•  ••• 

27-35 

N  

..      14 

■  «•• 

5-98 

4H    

4 

•  ••• 

1-71 

90    

..      72 

•  •  ■  • 

30-77 

234 

•  ••• 

10000 

34*48 

25  05 

507 


33*90 
25-07 


34-47 

5-24 
1-94 


...    33-fi2 
...    27-W 

.-      1-81 


Or: 


Pc=0> 

F-NO* 

41IO 


80 

118 

36 


34-19 
50-44 
15-37 


F<rO»,I«XO*  +  4Aq.         234 


100-00 


Dried  at  76». 


Gladstone. 


Or: 


2P 

N  

5H    .. 
lOO.. 


80 
64 
14 
5 
80 


32-ir2 

20-34 

5-76 

206 

32-92 


32-33 
23-92 


32-87 

5-00 
2-36 


Fe^O>. 
P-NO» 
5HO    . 


80 

118 

45 


32-9J 
48-56 
18-52 


243  ...  100-00 


Fe=a»,P^O*  +  5.\q.     243     ....  100*00 


It  is  not  easy  to  determino  in  what  state  the  5  atoms  of  water  exist  in 
the  salt,  inasmuch  as  no  appearance  of  crystillization  can  be  perceived, 
even  with  the  ai«l  of  powerful  microscopes;  but  it  is  evident  that  one  of 
the  atoms  niu.st  be  differently  combined  to  the  rest,  since  it  is  driven 
off  at  100^  while  the  others  remain.  (Gladstone,  Chem,  Soc,  Qu,  J. 
3,  142.)  H 

D.  Ferrite  of  Ammonia  ? — Ferric  oxide  or  its  hydrate,  whether 
natural  or  artificial,  is  always  found,  after  exposure  to  the  air  for  some 
time,  to  contain  ammonia. 

E.  Carbonate  of  Feuuic  Oxide  and  Ammonia. — Ferrico-ammomc 
Carbonate. — When  a  ferric  salt  is  supersaturated  with  concentrated 
carbonate  of  ammonia,  the  precipitated  ferric  hydrate  gradually  re-dissolves 
in  the  liquid.  The  deep  brown-red  li<[uid,  if  diluted  with  water,  again 
deposits  the  hydrated  oxide  after  a  while. — Hydrated  ferric  oxide  pre- 
cipitated by  ammonia  from  a  solution  of  the  sesquichloride,  and  well 
boiled  with  potash,  is  insoluble  in  carbonate  of  ammonia,  according  to 
Grotthuss;  hence  the  presence  of  the  ammoniacal  salt  produced  in  the 
precipitation,  contributes  to  the  re-solution  of  the  hydrate. 

F.  PnospiiATE  OP  Ferrous  Oxide  and  Ammonia. — Ferroso^mmonic 
Phosphate. — Formed  by  mixing  a  solution  of  14  parts  of  iron  in  hot 
hydrochloric  acid  with  a  small  portion  of  sulphite  of  ammonia;  adding 
to  it  while  hot  a  thoroughly  boiled  aqueous  solution  of  100  pts.  crystal- 
lized ordinary  diphosphate  of  soda,  which  immediately  precipitates  white 
phosphate  of  ferrous  oxide;  then  adding  ammonia  in  slight  excess — 
immediately  closing  the  flask,  which  must  be  completely  tilled  with  the 
liquid — agitating — and  leaving  the  mixture  to  itself  for  a  few  minutes  till 
the  precipitate,  which  is  flocculent  nt  first,  is  converted  into  laminae, 
which  sink  rapidly  to  the  bottom.     If  it  remains  flocculent,  tho  liquid 
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must  be  heated  again,  perhaps  with  the  addition  of  a  small  quaDtity  of 
ammonia;  if  part  only  of  the  precipitate  becomes  crystalline,  the  lighter 
flakes  must  be  separated  by  levigation  from  the  crystalline  lamina;. 
The  lamiusp,  on  which  the  air  no  longer  exerts  any  oxidizing  action,  are 
then  thrown  upon  a  filter,  washed  with  thoroughly  boiled  water,  and 
dried.  No  ammonia  must  be  added  to  the  water,  because  it  imme- 
diately induces  oxidation,  so  that  hydrated  ferric  oxide  remains  on  the 
filter,  and  the  water  runs  off  brown;  hence  also,  in  preparing  the  salt, 
care  must  be  taken  not  to  add  too  much  ammonia. — Greenish-white,  soft 
lamina;,  which,  when  rubbed  on  the  hand,  produce  a  coating  like  silver; 
they  are  permanent  in  the  air;  the  salt  when  heated  in  the  air  gives  off 
water  and  ammonia,  and  leaves,  first,  greenish  ferrous  phosphate,  amount- 
ing to  77  per  cent. — then  yellowish-white  ferric  phosphate.  With  potush- 
solution  it  evolves  ammonia,  and  when  boiled  therewith,  gives  up  its 
phosphoric  acid,  and  is  converted  into  ferroso-ferric  oxide  having  the 
form  of  the  original  lamina).  Insoluble  in  water,  even  at  the  boiling 
heat.  While  yet  moist  it  dissolves  readily  in  acids,  even  when  dilute; 
but  after  drying,  it  dissolves  but  sparingly  and  with  difficulty,  evou  iu 
concentrated  acids.  (Otto,  J,  pr.  Chem.  2,  409.) 

Otto. 
NH3 17-0      ....         917         8-77 


37*76)  77-00 

cPO*    71-4       ....       38-51/       


2FeO   70-0 

cPO*    71-4 

3HO    27-0       ....       14-56 

NH^O,  2FeO,  cPO*  +  2Aq 1854       ....     100*00 


This  composition  is  analogous  to   that  of  phosphate  of  magnesia  and 
ammonia  dried  at  1 00^  (Graham.) 

The  greenish  precipitate  which  ammonia  forms  with  acid  phosphate 
of  ferrous  oxide,  re-dissolves  in  excess  of  ammonia.  (A.  Yogel.) 

G.  PuosrnATE  op  Ferric  Oxide  and  Ammonia. — Fernco-ammonic 
Phosphate, — White  phosphate  of  ferric  oxide  dissolves,  with  a  brown 
colour,  in  anucous  ammonia,  which  may  afterwards  be  expelled  by  evapo- 
ration. (Dboerciner,  JSchw,  26,  271.) 

IT  G'.  Ammoniacal  AzopnospnAXE  of  Feruic  Oxide.  —  Ferric 
aiophosphate  (p.  259)  dissolves  in  ammonia,  forming  a  red  solution  from 
which  the  iron-salt  may  be  again  precipitated  by  the  addition  of  an  acid. 
The  ammoniacal  solution  carefully  evaporated  over  the  water-bath,  yields 
a  dark  red  mass  very  soluble  in  water,  but  showing  no  disposition  to 
crystallize.  When  treated  with  water,  after  being  perfectly  dried,  it 
separates  into  two  portions,  the  one  soluble  containing  ammonia,  and 
giving  a  characteristic  precipitate  when  treated  with  an  acid — the  other 
having  the  form  of  micaceous  plates  of  the  colour  of  ferricyanide  of 
potassinm  :  these  appear  to  bo  chiefly  6es(][uioxide  of  iron.  (Gladstone^ 
Chem.  Soc.  Qu.J.  3,  146.)  IT. 

H.  Sulphate  of  Ferrous  Oxide  and  Ammonia. — Ferroso-ammonic 
Sulphate, — To  form  this  salt,  a  solution  of  66  pts.  (1  At.)  of  sulphate  of 
ammonia  and  188  pts.  (1  At.)  of  green  vitriol  is  left  to  crystallize.  On 
mixing  equal  measures  of  the  saturated  solutions  of  green  vitriol  and 
sal-ammoniac,  the  same  salt  likewise  crystallizes  out  gradually,  while 
protochloride  of  iron  and  ammonium  remains  in  solution.  (A.  Vogel.) 
— The  crystalssNH'O.SO'+FeO,  80^+6  Aq.  are  isomorphoos  with 
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thoisc  of  bulpLafc  of  iim^esia  and  amniouia  (III.  248)  and  many  otben. 
Fij.  S4.  (Miltfcherlicli;  cnmyK  !Marx,  Sclav.  54,  465.)  The  crystals  when 
])urified  by  re-crystal lizat ion,  uro  transparent,  and  colourlc&s,  very  Lard, 
and  olHoroj>ce  ijouiowhat  above  lOU'.  \Vlien  heated,  they  swell  np  to  a 
white  mass,  without  fiic^in^r,  and  give  off  water,  ammonia,  and  sulphate  of 
ammonia.  Oil  of  vitriol  ab«tnict.s  their  water,  and  makes  them  opaque. 
Tiiev  are  much  less  soluble  in  water  than  grceu  vitriol.  (A.  Vogel, 
J.  y/V.  Chem.  2,  102.) 

I.  Sulphate  of  Ferric  Oxide  and  Ammonia. — Ferrico-ammonit 
Sulphate, — a.  Basic. — When  a  solution  of  iron  in  a  dilute  mixture  of 
sulphuric  aud  nitric  a(*i<ls  is  exposed  to  the  air,  this  double  salt  is  pre- 
cipitated in  the  form  of  an  ochre,  which,  when  heated,  gives  off  waterand 
ammonia,  and  afterwards  i^u1phurou8  acid — is  not  decomposed  by  caustic 
potash — and  is  but  very  si)aringly  tfoluble  in  hydrochloric  acid.  (Ber- 
zelius.) 

6.  Containing  BimJphate  of  Ferric  Oxide,  —  Formed  by  adding 
ammonia  to  a  solution  of  ammonia-irou-alum  till  the  precipitate  bcgini 
to  be  permanent,  antl  leaving  the  dark  brown  mixture  to  evaporate 
spontincoutfly. — Transparent,  yellowish-brown,  fshort,  regular,  six-sided 
prisms,  soluble  in  2*4  pts.  of  cold  water.  (Mans,  I\tug.  11,  79.) 

Maiu. 

2NIP    34       ....       10-43         10-30 

1V()3    78       ....       23-92         23-75 

4803 160       ....       49-08         49  20 

Clio ,'»4       ....       16-57         16-75 

2(NH^O,  S03}  +  Fc-03^S0^  +  4  Aq 320       ....     10000         ZZ       100*00 

c.  Containing  Tersulphate  of  Ferric  Oxide. — Crystallizes  from  ft 
mixture  of  sulphate  of  ammonia  and  tersulphate  of  ferric  oxide  in 
colourles.s,  regular  octoheilrons  antl  cubo-octohedrons  {Figs.  2  and  4),  the 
speciiic  gravity  of  wiiieb,  according  to  Kopp,  is  1-712.  They  are  soluble 
in  3  parts  of  water  at  15-.  (Forehhammer.)  The  yellow  colour  which 
the  salt  occasionally  exhibits,  'ari:^es  from  excess  of  the  iron-salt,  and 
disappears  on  recrystallization.  (Forehhammer;  An7i.  Fhil.  5,  406;  Bor- 
zelius,  Ajhandlingar  B,  3;  also  Schcr,  Ann.  7,  228;  Mitscherlich.) 


NH*   

17 

3-54 
10-25 

33-33 
46-^8 

ForcblianimcT. 

Fe203 

Al=()5 

78 

16-470 
0-260 

4803  

160 

34-596 

25HO 

2-25 

43-480 

NH^O,S03  +  Fe=0^3SO*  +  24Aq.       480       ....     100-00 

K.  Hydrobro3iate  op  Ammonia  containing  Sesquiuromide  oy 
Iron. — An  aqueous  solution  of  3  pts.  sesquibromide  of  iron  aud  2  pts. 
hydrobromato  of  ammonia  yields,  on  gentle  evapomtion,  light  red  needles 
united  in  bundles.  These  crystals,  when  dissolved  and  treated  with 
ammonia,  yield  2*47  per  cent,  of  ferric  oxide.  They  do  not  become 
moist  by  exposure  to  the  air;  are  easily  soluble  in  water;  and  separate 
from  the  solution,  on  evaporation,  with  a  diminished  amount  of  iron, 
M'hilo  a  mother-liquid  richer  in  iron  remains.  (Lowig.) 

L.  AMMONio-PROTocnLORiDE  op  Iron. — Protochloride  of  iron  absorbs 
ammoniacal  gas  with  avidity,  and  swells  up  to  a  white  powder  which 
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gives  QD  its  ammonia  when  heated,  but  on  the  addition  of  water,  is  partly 
resolved  into  hydrochlorate  of  ammonia  and  hydrated  ferrous  oxide. 
(Faraday.) 

M.  pROTOcnLORiDE  OF  Ibon  AND  Ammonium.  —  Ferroso-ammonlc 
Chloride. — By  boiling  iron  filings  with  a  saturated  solution  of  sal- 
ammoniac  in  a  close  vessel — whereupon  hydrogen  and  ammouiacal  gas  are 
evolved — and  leaving  the  solution  to  crystallize  by  cooling.  (Hisinger  & 
Berzelius,  Gilb.  27,  273.) — 2.  By  mixing  saturated  solutions  of  green  vitriol 
and  sal-ammoniac  in  equal  volumes — allowing  the  ferroso-ammouic  sul- 
phate to  crystallize  out — pouring  off  the  remaining  liquid  and  evaporating 
It  to  the  crystallizing  point — aud  separating  the  crystals  mechanically 
from  the  sal-ammoniac  which  crystallizes  out  with  them.  (A.  Vogel,  J.  pr. 
Chem,  2,  192.) — 3.  An  aqueous  solution  of  1  pt.  protochloride  of  iron  and 
4  pts.  sal-ammoniac,  prepared  hot  and  filtered,  is  set  aside  for  24  hours  in 
a  closed  vessel — and  the  resulting  crystals  dried  as  quickly  as  possible, 
and  kept  in  stoppered  bottles.  (Winckler,  RepeH,  59, 171.) — Prepared  by 
( I ) :  bluish-green  crystals,  which,  when  exposed  to  the  air,  become  covered 
with  hydrated  ferric  oxide,  and  whose  aqueous  solution  is  not  precipitated 
by  ammonia,  unless  the  air  has  access  to  it.  (Hisinger  &  Berzelms.) — 
By  (2):  lemon-yellow,  transparent  octohedrons  which  neither  deliquesce 
nor  effloresce  in  the  air — give  off  sal-ammoniac  when  heated — and  are 
easily  soluble  in  water,  but  not  in  alcohol.  (A.  Vogel.) — By  (3):  trans- 
parent and  colourless  rhombohedrons,  which  have  a  sharp  saline  and 
afterwards  astringent  taste,  contain  11 '2  per  cent,  of  ferrous  chloride, 
turn  yellowish  in  the  air,  and  are  easily  soluble  in  water.  (Winckler.) 

N.  Ammonio-sesquichloride  of  Iron.  —  Sesquichloride  of  iron 
slowly  absorbs  amnioniacal  gas  at  ordinary  temperatures,  producing  a 
alight  disengagement  of  heat,  but.  without  alteration  of  external  appear- 
ance. Part  of  the  compound  volatilizes  undecomposcd  when  heated;  the 
rest  leaves  protochloride  of  iron.  It  deliquesces  in  the  air,  but  less 
quickly  than  pure  sesquichloride  of  iron.  When  thrown  into  water  in 
considerable  quantities,  it  dissolves  with  a  hissing  noise;  the  solution  is 
dark  red  and  transparent.  (H.  Rose,  Fogg,  24,  302.) 

H.  Rose. 

NH' 17-0       ....         9-59        9 

Fe^CP  160-2       ....       90-41         91 

NIP,Fe-Cl3 177-2       ....     100*00        ZZ       lOo" 

0.  Sesquichloride  of  Iron  and  Ammonium. — Ferrico-ammonic 
Chloride. — 1.  A  solution  of  sal-ammoniac  in  a  large  excess  of  ferric 
hydrochlorate,  when  evaporated  over  oil  of  vitriol  within  a  receiver  con- 
taining air,  yields  garnet-coloured  crystals  belonging  to  the  oblique 
prismatic  system,  which  may  easily  be  mistaken  for  regular  octohedrous; 
they  arc  not  decomposed  by  water  like  the  corresponding  compound  of 
chloride  of  potassium.  (Fritzs?che,  J,  pr.  Chan,  18,  484.' — 2.  By  slowly- 
evaporating  a  mixture  of  this  nature,  the  author  obtained  very  deli- 
que<?cent  rectangular  octohedrons,  having  two  of  the  basic  edges  and  four 

of  the  basic  angles  truncated. 

Fritzsche. 

2NH< 3(i      ....       12-63 

2Fc 54       ....       18-95        19'47 

5Cl 177      ....      62-10        61-66 

2UO  18       ....        6-32 

2NII*Cl  +  Fe=Cl3  +  2Aq!         283      ....     100-00 
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Or: 

2NH',  HCl 106-8  3747 

Fe^CP 160-2  56-21 

2HO  18-0  6-32 

2(NH»,HCl),Fe2Cl*  +  2Aq.      285*0      100*00 

P.  Sal-ammoniac  containing  Sesquichloride  of  Iron. — A 
solution  of  from  3  to  24  parts  of  sal-ammoniac  and  1  part  of  sosqai- 
cliloridc  of  iron  in  water  yields  on  ovaporationi  aurora-itKl  transparent 
crystals.  According  to  Geiger,  these  crystals  are  acuto  rhomboheJrons 
when  they  contain  a  medium  quantity  of  iron,  but  obtuse  when  the 
proportion  of  iron  is  either  very  small  or  very  large;  according  to  Marx 
altjo  {Schw.  54,  304),  they  appear  to  be  made  up  of  a  great  number  of 
small  cubes  not  quite  regularly  grouped  together,  whereby  the  cabiol 
shape  is  somewhat  altered.  (Gm.) — The  quantity  of  iron  is  small  and 
vnrinble.  If  24  parts  of  sal-ammoniac  are  ni<ed  to  1  part  of  the  ferrie 
chloride,  the  crystals  contain  0*85  per  cent,  of  ferric  chloride;  if  14  parte 
of  sal-ammoniac  are  used,  they  contain  1  '93;  and  with  3  sal-ammoniac, 
they  contain  5*12  per  cent,  of  ferric  chloride.  The  mother-liquor  of  the 
last-mentioned  cr}'stals  yields,  on  further  evaporation,  brown-red  crystal- 
line granules,  containing  5*75  per  cent,  of  ferric  chloride.  (Geiger.) 
When  10  pts.  sal-ammoniac  have  been  used  with  1  pt.  ferric  chloride, 
the  crystals  contain  0'8(>  per  cent,  of  the  latter.  (Winckler,  Repeti, 
67,  155.)  The  crystals,  when  heated,  become  yellow  and  opaque,  and 
evolve,  first  sal-ammoniac,  and  afterwards  ferric  chloride.  They  dissolve 
in  3  parts  of  cold  water;  those  in  which  the  proportion  of  ferric  chloride 
does  not  exceed  5*12  per  cent.,  become  moist  only  in  damp  air;  those 
which  contain  5*75  p.  c.  Fe"Cl^,  become  moist  oven  in  dry  air.  (GFeigcr, 
liepert,  13,  422.)  When  their  aqueous  solution  is  evaporated,  sal- 
aumioniac  crystallizes  out,  nearly  pure  at  first,  but  afterwards  continually 
richer  in  iron,  being  first  yellow  and  then  red,  and  there  remains  a 
mother-liquid  richer  in  iron. 

To  these  mixtures  of  ferric  chloride  and  sal-ammoniac,  belong  the 
Ferruginous  Flowers  of  Sal-ammoniac y  Flares  Salis-ammoniaci  martialet. 
These  are  obtained: — 1.  By  subliming  16  pts.  sal-ammoniac  with  1  pt 
ferric  oxide,  whereupon  ammonia  is  evolved;  or  with  1  pt,  iron  filings^ 
in  which  case  hydrogen  is  set  free  and  protochloridc  of  iron  and  ammo- 
nium is  produced,  the  latter,  however,  if  the  air  has  moderately  free 
access  to  it,  is  converted  into  sesquichloride  of  iron  and  ammonium,  while 
ferric  oxide  is  left  behind. — 2.  By  subliming  a  mixture  (obtained  by 
evaporation)  of  12  parts  sal-ammoniac  and  hydrochlorate  of  ferric  oxide 
prepared  from  1  part  of  iron  filings. — 3.  By  dissolving  16  pts,  sal-ammo- 
niac and  1  pt.  ferric  chloride  in  water  and  evaporating  to  dryness.  Some 
phnmiacopa)i<as,  however,  direct  the  preparation  of  the  crystals  above 
described.  Yellow  salino  mass,  which  is  yellower  and  more  deliquescent 
in  proportion  as  it  is  richer  in  iron. 


Iron  and  Potassium. 

A.  Alloy  op  Iron  and  Potassium. — Formed  in  the  prci>aration  of 
potassium  by  method  No.  2  (III.  5;,  when  pieces  of  iron  happen  to  \te 
situated  at  the  lower  end  of  the  gun-barrel  where  it  projects  from  the 
furnace. — Whiter  than  iron^  malleable^  and  so  soft  that  it  will  often  take 


ipreasions  frnui  the  naila;  more  fusible  than  iron.  Oxidizes  in  tlie  aJr; 
rerveeces  with  water  and  with  aqueous  acids.  (Gay-Luasac  &  Th^nard.) 

B.  Ferrite  of  Potash. — 1,  When  hydrate  of  polaeh  is  fused  in  an 
nu  cnicihlc,  nod  the  whole  digested  in  water  after  cooliug,  a.  portion  of 
rric  oxide    (ferrous   acid)    is  iliBsolv«d    together   with   the   potash. — 

When  recently  precipitated  hydrate  of  ferric  oxide  is  trailed  for  an 
>ur  with  Htfon^  caustic  potash,  a  very  pale  yellow  liquid  is  ohtainod 
mtaining   a  small  portion  of  ferric  oxide.    (Chodnew,  J.  pr.   Cftfm. 

^,  221.) 

C.  Fekbatp.  op  Potash.— Becquerel  {Ann.  Chim.  Phyi.  31,  105) 
nnd  that  ferric  oxide  ignited  in  a  silver  crucible  with  from  4  to  6  times 
t  weight  of  potiLah- hydrate,  disaolved  in  the  potash,  but  was  separated 

lin,  with  ovotntion  of  oxygei>,  when  the  potash  was  dissolved  ia  water; 
«  escape  of  oxygen  was  attributed  by  Becouerel  to  the  presence,  not  of 
inio  acid  but  of  peroxide  of  potiasium, — Ferrate  of  potash  is  formed 
fhen  iron  or  ferric  oxide  is  heated  to  redness  with  nitre  or  peroxide  of 
■Otauiuui,  or — if  air  has  access  to  the  mixture — witb  hydrate  of  potaeh. 
4  Ualgo  produced  by  the  action  of  chlorine  on  ferric  oxide  difTiued 
lltruiigh  a  strung    solotion  of  potash  (Frctny,  J.  Phaim.  27,  07;  also 
f.  pr.  Ckem.  26,  108);  and  hy  galvaiiio  action.     ^  The  existence  of 
'tario  acid  appears  to  have  been  known  to  Slab),  who  observed  that  when 
iron  ia  calcined  with  nitre  and  the  miss  digested  in  water,  the  caustio 
Jkali  produced  by  the  calcination  of  tbe  nitre  takes  up  part  of  the  iron, 
fcrniing  au  amethyst  or  purple  solution;  also,  that  if  a  very  dilute  solution 
Vt  iron  in  nitric  acid  be  poured  by  small  portions  at  a  time  into  very 
•treng  caustic  potash  and. the  liquid    agitated,  the  iron  dissolves  and 
Uports  a  blood-red  culonr  to  the  liquid. — -Subsequently,  Eckeberg(fon^^ 
feUmk.  Handl.  1802,  p.  68;  also  Scher.  J.  9,  607)  on  fusing  jpidolinita 
rith  caustic  potash,  ob^ined  an  alkaline  solution  which  had  a  dark  red 
olour  and  deposited  a  bi-ick-red  compound  of  iron  and  lime.     And  in  a 
'e  he  adds  tliat  the  red  colour  is  not  due  to  mauganese,  fur  even  iron 
ae  can   dissolve  in  caustic  potash   and  produce  the  most  beautiful 
^nrple  colour,  provided  it  has  been  previouely  roasted.    (/,  pr.   Chrni, 
^,A4%;  comp.  Kopp.  Garhkhte  d.  Ckem.  1,  UJ2.)T^ 

Prtparation  of  the  dry  lait. — 1.  By  igniting  ferric  oxide  very  strongly 
r  mme  minutes  with  nitre  and  hydrate  of  pot-ish.  If  the  boat  is  toe 
>w,  nitrite  of  potash  remains  uudeoompused,  and  then,  on  the  addition  of 
later,  reduces  the  ferric  acid  to  the  state  of  sesquioxide.  {Fremy.) — A 
Bixture  of  I  part  of  finely  pulverized  f«rrie  oxide  and  4  parts  of  nitre  is 
btroduced  into  a  crucible  capable  of  conlainlng  double  tbe  quantity;  the 
jioror  luted  on  tight,  but  iu  tjuch  a  manner  as  to  leave  an  exit  for  the  gas; 
Itad  the  mixture  heated — for  an  hour  if  the  quantity  is  6  ounces,  for  a 
liorl«r  lime  if  it  be  smaller — to  a  brigtjt  red  heat,  but  not  liighcr. 
(Denhani  Smith,  PkU.  Mag.  J.  23,  217.)-— 2.  By  igniting  iron-filings 
vith  nitre.  (Fremy.) — An  intimate  mixture  of  1  pt.  finely  divided  iron 
•ad  2  pts.  dry  nitre  is  introduce4  into  a,  capacious  crucible  kept  at  a  dull 
fed  heat,  and  the  crucible  removod  from  the  furnace  as  eoon  ai  the 
mixture  begins  to  deflagrate  and  form  a  white  cloud,  an  effect  which 
Segiim  at  one  jiolnt  and  quickly  extends  throu;L'hout  (be  whole  vvtas.  If 
^^■"j  temperature  is  too  high,  tlie  compound  is  decomposed  as  soon  as 
■mod.  (H.  TrommsdorfT,  N.  Sr.  Arck.  23.  10-i.)  If  tlio  crucible  is  too 
fcol,  ibo  nitre  fuses  without  deflagrating.    The  mass  mist  Uvea  V«j  Yi>«(i\ 
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into  an  iron  monir  and  again  introduced  into  the  cracible  after  oooling. 
The  crccible   ehould  thertrfore  be  heated  eo  afi  to  exhibit  perceptible 
redce?^  0=1  V  a:  the  l-.-tt<:m  acd  a  few  inches  above,  and  the  niixture 
eb'.'u!>i  l*e  tOM-im  intu  the  middle  and  somewhat  to  the  side:  the  defla- 
;?rati' n — which  i«  unatton-ie*!  with  danger — then  takes  place  in  a  few 
tfecc'sd^  with  a  bHjbt  glow  and  intamescence  of  the  mass.     ThecmciUeis 
ren^ovel  fnjm  the  fire  cither  daring  or  immediate! v after  the  deflagnitioD, 
and  the  50ft.  gome  what  friable  ma^  taken  out  with  an  iron  spoon.    As, 
however,  femte  of  puta^h  thus  obtained  is  contaminated  with  nitrite, 
the  reil  .*'.iluiiMn  which  it  f -riiis  in  water  quicklv  loses  its  colour.  (Wack- 
enro«ier.  -V.   Lr.  Arrh.  3o.  41.  < — 3.  By  igniting  ferric  oxide  for  a  Gonsi- 
deraUe   time   m-ith    hydrate   vf  pi-ta^^h.      Fremy.) — The   reil-brown  or 
re<idish.  highly  deliijuescent  mass  thus  obtained  is  quickly  pal veriied,  and 
preierved  iu  dry,  well-stopped  bottles. 

AjH'^ui  Fert'iU  of  Po(aAh — 1.  Formed  by  dissolving  the  diy  salt  in 
cold  water.  Since  the  act  of  solution  is  attended  with  evolution  of  heat, 
by  which  a  jiortion  of  the  salt  is  decomposed,  it  is  necessary  to  nseioe- 
cold  water:  there  is  always,  however,  a  slight  evolution  of  oxygen  gas, 
probably  arising  from  peroxide  of  i>uta2^sium.  The  solution  most  be 
separated  from  the  undissolved  portion  by  eubsidence  and  dccantation, 
not  by  filtering.  (1).  Smith.) — 2.  Bv  passing  chlorine  gas  through  a  very 
strong  solution  of  potash  in  which  ferric  oxide  is  diffused,  till  the  oxide 
dissulves  and  forms  a  red  solution.  (Fremy.)  When  5  parts  of  hydrated 
ferric  oxide,  recently  precijiitated  and  ilried  between  bibnlons*  paper, 
10  parts  of  hydrate  of  potash,  and  1(>  of  water  arc  used,  and  chlorine 
rapitlly  pnsseJ  through  the  solution,  the  oxide  quickly  dissolves  in  the 
liquid,  which  gradually  rises  in  temperature,  and  deposits  chlorate  of 
pota.'*h  on  cooling;  if  too  much  water  or  too  much  ferric  hydrate  is  used, 
the  liquid  remains  colourless.  .  Wackenroder.)  Tho  chlorine  must  not  be 
in  excess,  otherwiac  it  will  decom|K)se  the  salt.  (H.  Rose.)— -iJ.  Poggen- 
dortl^s  process  cun.<'i»ts  iu  jKissing  the  positive  electricity  of  a  six-pair 
Grove's  battery  (1.  422)  for  24  hours,  through  an  electrode  of  English 
cn.st-iron,  into  a  solution  of  caustic  pota.>h  concentrated  as  much  aa 
possible  and  surrounded  with  ice;  in  that  solution  there  is  likewise 
iniiHcrsed  a  clay  cylinder  filled  with  c:iustic  potash,  and  the  negative 
electricity  is  conducted  into  the  latter  liquid  bv  means  of  a  platinum 
plate.  If  a  more  dilute  solution  of  ]>otash  is  useJ,  tho  resulting  prepara- 
tion is  less  pcnnaiieut.  No  oxygen  gas  is  evolved  on  tho  iron  plate, 
excepting  ju.^t  at  the  beginniug  of  the  action  or  a  little  after;  if  the 
current  be  long  continued,  micror^copical  crystals  of  ferrate  of  potash  are 
dcj>ositcd  on  this  j>Iate;  a  small  quantity  of  iron  collects  on  the  platinum 
plate.  (II.  Roj-e,  VV/y-  ^^»  315.) 

Aqueous  ferrate  of  potash  is  of  a  deep  ameth3'st-red  or  cherxy-red 
colour,  and  i>crvious  to  light  only  when  in  very  thin  strata. — The  solution 
when  left  to  stand  for  some  time,  lo.'^es  its  colour,  gives  off  ox\'gcn  gas, 
and  yields  a  precipitate  of  hydrated  ferric  oxide,  tho  decomposition  taking 
place  the  more  (quickly  as  tho  solution  is  wanner  ami  more  dilute. 
(Froniy.)  The  concentrated  solution  obtained  by  (2),  if  kept  in  close 
vessels,  docs  ncit  decompose  coni|iletcly,  even  in  the  course  of  several 
mouths,  but  leaves  u  red  residue  when  evaporated.  (D.  Smith.)  At  100^, 
the  dccolorizution  is  instantaneous.  (Fremy.)  The  concentrated  solution 
obtained  by  (3;  sustains  a  boiling  heat  without  decomposition,  but  after* 
WMTtls  deposits  ferric  oxide  more  (quickly  than  if  it  had  not  been  boiled:  it 
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is  altogether  more  permanent  than  that  obtained  by  (2),  retains  its 
deep  red-colour  for  months,  and  deposits  but  little  ferrio  oxide  all  the 
while.  Dilution  with  various  potash  aud  soda-salts  produces  less  tendency 
to  decomposition  than  dilution  with  pure  water.  When  the  solution, 
after  long  standing,  has  deposited  all  its  ferric  oxide,  it  exhibits  a  green 
colour,  arising  from  manganato  of  potash  fonned  from  manganese  contained 
in  the  cast-iron.  (H.  Rose.) — Sulphuric  or  nitric  acid  forms  a  double  salt 
of  ferric  oxide  and  potash,  with  liberation  of  oxygen  gas  (Fremy);  hydro- 
chloric acid  likewise  forms  a  double  salt,  with  evolution  of  chlorine 
(D.  Smith);  a  smaller  quantity  of  acid  causes  a  precipitation  of  ferric 
oxide  (Fremy).  With  sine-salts  the  solution  evolves  oxygen ;  from  man- 
ganese and  nickel-salts  it  precipitates  the  peroxides.  (Smith.)  Other 
heavy  metallic  salts  and  alum  likewise  decolorize  the  liquid,  the  base 
being  precipitated  together  with  ferric  oxide.  (Wackenroder.) — The  com- 
pound is  quickly  decomposed  by  dc-oxidizing  agents.  Sulphurous  acid 
fomis  sulphate  of  potash  and  precipitates  ferric  oxide.  (H.  Rose.)  Sul- 
phuretted hydrogen  colours  the  solution  (2)  dark  green  by  forming  sul- 
phide of  iron  (Wackenroder);  the  concentrated  solution  (3)  is  converted  by 
the  same  reagent  into  a  black  mass,  which  forms  a  deep  green  liquid  with 
a  large  quantity  of  water.  (H.  Rose.) — Ammonia  and  all  ammoniacal  salts 
decompose  the  compound,  because  the  ammonia  which  is  evolved  reduces 
the  ferric  acid  to  ferric  oxide.  (Wackenroder,  H.  Rose.) — All  organio 
substances  act  in  the  same  manner;  hence  the  solution  cannot  be  filtered 
through  paper.  (Fremy.)  Oxalic  acid  mixed  with  the  solution  gives  off 
carbonic  acid  and  oxygen  gas.  (D.  Smith.)  Alkaline  racemates,  tartrates, 
and  malates  quickly  decolorize  the  liquid,  without  precipitating  ferrio 
oxide;  alkaline  citrates  act  very  slowly  and  occasion  a  precipitation  of 
ferric  oxide.  Oxalate,  acetate,  formiate,  and  benzoate  of  potash  decolorize 
the  liquid  as  slowly  as  the  inorganic  salts  of  potash ;  and  succinate  of 
potash  acts  still  more  slowly.  Alcohol  (with  formation  of  aldehyde, 
apparently)  sugar,  and  white  of  egg,  decolorize  it  quickly,  the  former 
with,  the  latter  without,  precipitation  of  ferric  oxide.  (K.  Rose.)  Fcrro- 
cyauide  of  potassium  Ukewko  exerts  a  decolorizing  action.  (Wacken- 
roder.) 

The  solution  (1)  if  boiled  till  completely  decolorized  evolves  25'G7pts. 
oxygen  gas  for  every  100  pts.  of  precipitated  ferric  oxide.  [This  is 
equivalent  to  10*01  pts.  (not  quite  1^  At.)  oxygen  to  39  pts.  (J  At.) 
ferric  oxide.]  Since  the  liquid  can  only  be  separated  from  the  undissolved 
oxide  by  docantation,  it  is  pos.siblo  that  some  ]>ortion  of  the  oxide  still 
remained  suspended  in  it,  in  which  case,  the  proportion  of  oxygen  to  the 
ferrio  oxide  would  come  out  too  small.  On  the  supposition  that  ferrio 
acid  is  FeO^  12  pts.  of  oxygen  should  be  evolved  for  every  39  pts.  of 
ferric  oxide.  (D.  Smith.) — By  passin;^  sulphurous  acid  gas  through  the 
solution  (3)  till  the  colour  is  destroyed,  and  dcterminin<r  the  quantity  of 
ferric  oxide  precipitated  and  sulphuric  acid  produced  (by  supcrj^aturating 
the' filtrate  with  hydrochloric  acid  and  precipitating  with  chloride  of  bariuni) 
349*8  ]jt8.  (3  At.)  of  sulphate  of  baryta  were  found  to  correspond,  in 
differeut  exporimcuts,  to  the  fullowiiig  quantities  of  ferric  oxide:  73'1; 
78*3;  81*9;  therefore  approximately  78  pts.  (1  At.)  Hence  ferric  acid= 
FeO^;  and  when  it  is  decomposed  by  sulphurous  acid,  3  At.  sulphuric 
acid  are  produced  for  each  atom  of  ferric  oxide.  (H.  Rose.) 

2FeO'  +  3S0=  =  Ftj=0'  +  3S0'. 

When  1  pt.  ferric  oxide  is  ignited  as  above  (p.  265)  Yr\\\iQ\i\^^^V»i«\!CL\.T^Vj^ 
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of  potash  (or  better  with  nitrate  of  soda),  and  the  mass  digested  in  water, 
a  beautiful  green  solution  is  obtaiued  like  that  of  mineral  chameleon,  and 
always  mixed  with  the  red  salt:  the  latter,  however,  is  soon  decomposed, 
whereas  the  green  salt  may  be  kept  in  close  vessels  for  a  longer  time. 
This  green  salt  appears  to  coutuiu  an  acid  with  a  smaller  quantity  of 
oxy^n.  Chlorine  colonrs  the  solution  red;  acids  likewise  redden  the 
liquid,  with  evolution  of  oxygen,  and  afterwards  decolorize  it.  The  green 
liquid  may  be  pni^r^ed  through  pa]>er  without  decomposition,  but  it  is 
decomposed  by  prolonged  contact  with  organic  substances.  (D.  Smith.) 


D.  Carbonate  of  Ferric  Oxide  and  Potash. — a.  Ferrico-poiam 
Carbonate. — Stahr$  Alkaline  Tincture  of  Iron, — When  a  ferric  salt  is 
supersaturated  with  strong  carbonate  of  potash,  the  precipitated  ferric 
hydrate  is  re-dissolvcd  and  forms  a  blood- red  solution.  This  solntion  is 
decomposed,  with  precipitation  of  ferric  hydrate,  both  by  heat,  and  bj 
dilution  with  water  or  with  caustic  potash.  (Hausmann,  Scher,  J.  4,576; 
Proust,  iV.  Gehl.  3,  560;  Dobereiner,  Schic.  9,  1.)  Freshly  precipitated 
ferric  hydrate  is  not  soluble  in  strong  carbonate  of  potash,  so  that  the 
presence  of  the  j^otash-salt  formed  at  the  same  time  appears  to  be  neces- 
sary to  the  solution.  (Grotthnss,  Schw.  30,  71.) 

E.  BoRiDE  OF  Iron  and  Potassium.-— The  three  substances  combine 
at  a  white  heat,  and  form  a  blackish  mass  which  exhibits  tho  metallic 
lustre,  conducts  electricity,  effervesces  slightly  in  water,  and  when  treated 
with  hydrochloric  acid,  yields  ferrous  oxide  and  boracic  acid.  (H.  Dary.) 

F.  Sulphide  of  Iron  and  Potassium. — a.  When  sulphide  of  anti- 
mony is  ignited  with  iron,  carbonate  of  j>otash,  and  charcoal,  an  easily 
fusible  slag  is  obtained.  (Berthier.) 

h.  Iron  filings  placed  in  contact  with  solution  of  potassic  lirer  of 
sulphur,  turn  black  and  impart  a  green  colour  to  the  liquid.  ( Vauquelin.) 

c.  The  concentrated  solution  of  ferrate  of  potash  obtained  by  (3)  is 
converted  by  sulpliuretted  hydrogen  into  a  black  mass  probably  consisting 
of  KSjFcS^;  this  forms  a  dark  green  liquid  with  water,  which  remains  green 
even  when  very  much  diluted.  The  solution  remains  permanent  in  the  air 
for  a  long  time.  Continued  boiling  decomposes  the  concentrated  solution, 
with  separation  of  sulphide  of  iron;  tho  <lilute  solution  undergoes  no 
alteration,  excepting  that  it  acquires  a  transient  brown  tint  every  time  it 
is  heated.  (H.  Kose,  Poyg.  ;^0,  320.) 

G.  SirLPHATE  of  Ferrous  Oxide  and  Potash. — Ferroso-potam 
^w//)^«/c.— -KO,SO='  +  FeO,SOHG  Aq.— Formed  by  dissolving  iron-filings 
in  a  warm  aqueous  solution  of  bisulphatc  of  potash.  Greenish  crystals^ 
which  have  the  form  of  sulphate  of  magnesia  and  ammonia,  refract  ligbt 
doubly,  have  a  rough  taste,  and  fall  to  pieces  when  exposed  to  the  air. 
(Link,  Crell.  Ann.  1796,  1,  30;  Mitscherlich;  Brewster,  Sdiw.  33,  344.) 

11.  Sulphate  of  Ferric  Oxide  and  Potash.  —  FejnHco-potamc 
Sulphate,  —  a.  Yellow  Iron-ore,  Ochre-ycllow,  homogeneous,  massiTO 
plates;  sp.  gr.  2-78.. .2J);  fmcture  varying  from  flatly  conchoidal  to 
earthy.  \\'hen  heated,  it  turns  red,  evolves  water  and  afterwards  «nl- 
uhurous  acid;  gives  up  nothing  to  boiling  water;  slightly  soluble  in 
hydrochloric  acid,  more  readily  in  aqua-regia.  (Rammelsberg,  Poffg.  4S| 
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Yellow  Iron-oref  from  Kolostruk.        liammcUbcrg. 

KO  47-2  ...        7-37  7*88 

CaO ...  0-C4 

4Pe-0» 812-0  ...      48-73  4674 

6S0»    200-0  ...       81-25  32-11 

9H0     810  ...       12-65  13-66 


KO,80»+4(Fe20>,S03)  +  9Aq.      640-2       ...     10000        100-93 

&•  Remaina  in  the  form  of  a  pale  yellow  powder  when  the  salt  c  ia 
treated  with  hot  water.  (Anthon.) 

Anihon. 

KO,SO»     87-2      ...        8-09        80 

6Fe»0>  4680       ...       43-45        414 

9S0»      8600       ...       83-42         856 

18H0     1620       ...       1504         150 

K0,80»+  8(2Fe=C)',3303)  +  18Aq.     1077-2       ...     10000        ~.      1000 

e.  Formed  hy  adding  potash  to  a  solution  of  potash-iron-alum  till  a 
permanent  precipitato  begins  to  form — or  rather  by  adding  a  smaller 
quantity  of  potash^  so  that  a  considerable  quantity  of  iron-alum  may 
remain  nndecomposed — and  leaving  the  dark  liquid  to  evaporate  freely  in 
a  shallow  dish. — Yellowish-brown,  transparent,  regular  six-sided  prisms, 
shortened  into  tables;  when  lieated,  they  give  off  their  water  of  crystal- 
lization, but  retain  their  form.     Their  solution  in  cold  water,  6  parts  of 
"wLich  are  required  to  dissolve  them,  is  soon  decomposed — uuless  it  likewise 
contains  potash-iron-alum — into  precipitated  disulphate  of  ferric  oxide, 
And   iron-alum  which  remains  in  solution.  (Maus,  Por/y.  11,78.) — The 
same  salt  has  been  accidentally  obtained  in  the  preparation  of  irou-alum  : 
1.  A  solution  of  78  pts.  ferric  oxide,  147  oil  of  vitriol,  and  87-2  sulphate 
of  potash,  deposited — ^partly  during  concentration — dark  brown  crystal- 
line crusts,  which  gave  off  water  and  assumed  a  red-brown  colour  at  a 
temperature  below  redness,  and  evolved  sulphuric  acid  at  a  white  heat, 
leaving  a  residue  of  ferric  oxide  mixed  with  sulphate  of  potash.     The  salt 
dissolves  in  12-75  parts  of  water  at  10°;  but,  when  heated  with  water,  it 
is  resolved  into  salt  b,  and  a  red-brown  solution,  which  deposits,  on  evapo- 
ration, first  the  salt  c  and  then  iron-alum.  (Anthon,  Repei-t,  76,  361.) — 
2.  If  a  boiling  solution  of  sulphate  of  potash  be  added  to  an  over-concen- 
trated solution  of  ferric   sulphate,  a  small,  green ish-^^el low,  crystalline 
Srecipitate  is  produced,  having  the  composition  given  below;  after  several 
ays'  standing,  however,  it  disappears  again,  with  formation  of  iron-alum. 
Also^  when  crystallized  iron-alum  is  dissolved  in  a  small  quantity  of  hot 
water^  the  greenish-yellow   salt  is  deposited  first.  (W.  llichter,  JS,  Br, 
Arch.  23,  316.) 


2K0  

94-4 

...     24-48 
...     20-19 
...     41-41 
...     13-97 

Maug. 
...     231 
...     20-8 
...     41-7 
...     14-4 

Anthou.  Richtcr. 
...     20-5     ...     22-2 

Fe'O" 

78-0 

...     21-2     ...     21-5 

4S(>»  

160-0 

...     42-6     ...     42-1 

6H0  

64-0 

...     15-4     ...     14-2 

2(KO,803)  +  FeW,2SO'+6Aq.    886-4     ...  100-00     ...  1000     ...     99-7     ...  1000 

d.  When  carbonate  of  potash  is  added,  with  agitation,  to  an  aqueous 
solution  of  tersulphate  of  potash,  as  long  as  no  permanent  precipitate  is 
formed,  and  the  dark  brown  liquid  (which  becomes  turbid  when  filtered 
as  well  as  when  heated)  is  mixed  with  a  large  excess  of  alcohol,  a  light 
reddish-yellow  precipitate  is  formed^  which  must  be  washed  with  alcohol. 
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This  precipitate,  while  yet  moist,  is  soluble  in  water,  but  after  it  is  dry, 
water  decomposos  it,  leaving  basic  sulphate  of  ferric  oxide  undissolred. 
TIio  aqueous  solution  deposits  a  light  yellow  ochre  on  standing,  and  more 
rjiiickly  on  boiiiug,  losing  at  the  same  time  the  greater  part  of  its  colour. 
(Poubeiran,  Ann.  Chim,  rhys.  44,  320.) 


2K0  

3Fc-0»  

8S0' 

94-4 
.     234-0 
.     3-200 
.     lJ)8-0 

•  •  * 

•  •  ■ 

■  ■  • 

■  *  • 

11-15 
27-64 
87-81 
23-40 

Sonbeinui. 
11-4 
26-6 
87-0 

221TO    

l(Fe'a»2SOn  +  22Aq, 

240 

2(K0.Sa')  +  S 

.     84G-4 

■  •  ■ 

]  00-00 

99-0 

€,  PotatJi^iron-ahtm, — T8  parts  of  ferric  oxide  are  dissolved  in  147*2 
ptd.  oil  of  vitriol  mixed  with  water  and  heated,  and  87*2  pts.  sulphate  of 
potash  added  thereto,  or  2 76  pts.  (2  At.)  green  vitriol  mixed  with  49 pts. 
oil  of  vitriol,  are  oxidized  by  nitric  acid  at  a  lioiling  heat,  and  87'2  pts. 
6ul))hate  of  potash  added  to  the  litjiiid;  or,  according  to  Heintz*s  method, 
10  parts  of  pounded  crj'stals  of  green  vitriol  are  heated  with  4  parts  of 
nitre  and  5  of  8ulj»huric  acid,  till  no  more  nitrous  acid  is  evolved, — then 
dissolveil  in  a  fuurfcjjil  quantity  of  water  at  80',  and  filtered.  When  the 
concentrated  solution  is  left  to  stand  for  some  time  at  a  temperature  of  0', 
or  somewhat  above,  the  alum  crystallizes  out;  and  by  taking  out  the 
crystals  fir^it  obtained,  and  putting  them  in  again  after  evaporating  the 
liquid  a  little  further,  very  largo  crystals  may  be  obtained.  The  mothc^ 
liquid,  mixed  with  a  small  quantity  of  sulphuric  acid  and  evaporatcil, 
deposits  a  white  granular  powder  or  crj'stalline  crust,  con.sisting  of  iron- 
alnm  with  only  S-.l  or  J)  per  cent.  (3  At.)  water  of  crystallization;  this, 
when  quickly  washed  with  cold  water  and  then  dissolved  in  warm  water, 
yields  more  octohedrons.  If  the  remaining  mother-liqui<l  be  still  further 
eva])orated  till  nothiTig  remains  but  a  saline  mass  mixed  with  fluid,  aud 
this  mass  quickly  washed,  iron-alum  is  left,  containing  only  2-9  to  3*3  p.c. 
(1  At.)  water.  Commercial  iron-alum  contains  a  largo  quantity  of 
alumina.  (W.  Heintz,  Pogg.  55,331.) 

Regular  octohedrons.  Pale  vi(det.  (Richter,  Heintz,  Gmelin.) 
Colourless,  according  to  other  authorities. 

Iron-alum,  when  exposed  to  the  air,  becomes  slowly  covered  with  a 
white  powder.  (W.  Richter.)  It  fusies  in  its  water  of  cri'stallization, 
afterwards  gives  off  its  water,  and  is  converted  into  a  yellowish-white, 
spongy  maiss  resembling  burnt  alum.  When  very  strongly  ignited,  it 
fuscH,  gives  off  24*4  per  cent,  of  sulphuric  acid,  and  leaves  a  mixture  of 
151  per  cent,  ferric  oxi<le  and  17  p.  c.  sulphate  of  potash.  (W.  Richter, 
Jiepcrf.  7(i.  SGI,)  Iron-alum  is  resolved  by  heat  into  the  salt  c,  tersul- 
phate  of  ferric  oxide,  and  free  sulphuric  acid. 

2(K0,  SO^  +  Fe-(>\  3S0^)  =  [2(K0,  SO^)  +  Fe-"(>\  2S03]  +  Fc-0'\  SSO^  +  S0». 

When,  therefore,  pulverized  iron-alum  is  dried  over  oil  of  vitriol  between 
GO  and  100',  it  first  becomes  moi«t  and  thou  leaves  a  brownish-yellow 
powder,  which,  if  treated  w-ith  water,  will  perhaps  yield  a  few  more 
octohedrons;  but  these  are  probably  reproduced  alum.  (Heintz.)  W^hen 
iron-alum  is  di.s.solved  in  a  small  quantity  of  hot  water,  the  greeni>h- 
yellow  salt  c  is  likewise  depositetl  at  first,  but  it  is  afterwards  reconverted 
into  alum  and  redij-solved.  (Richter.)  Iron-alum  dissolves  in  5  parts  of 
water  at  12*5^  (Anthon.) 
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OryHaUtzed.  Anthon.      Bic1ii«r. 

KG 47-2     ...       9-42  9*2     ...     10-3 

Fe-C 780     ...     16-66  161     ...     149 

4SO'   1600     ...     81-92  822     ...     30-9 

24HO 2160     ...     43-10  435     ...     435 

KO,SO^  +  Fe=6^8S03  +  24Aq.     601-2     ...  100*00         ~,      1000     ...     99-6 

I.  Protochlortde  of  Iron  and  Potassium.  —  Ferroso-potassic 
Chforide, — When  the  concentrated  solutions  of  the  two  metallic  chlorides 
are  mixed  and  the  mixture  cooled  or  gently  evaporated^  bluish-green, 
hjdrated  crystals  are  obtained.  (Berzclius.) 

K.  Sesquifluoride  of  Iron  and  Potassium. — Ferrico-poiassic 
Chloride. — A  solution  of  chloride  of  potassium  in  excess  of  ferric  hydro- 
chlorate  evaporated  under  a  bell-jar  over  oil  of  vitriol,  yields  small 
jellowish-red  crystals  belonging  to  the  oblique  prismatic  system.  A  small 
quantity  of  water  extracts  chloride  of  iron  from  them  and  leaves  crystals 
of  chloride  of  potassium  undissolved,  as  may  be  seen  by  examination  with 
the  microscope.  A  larger  quantity  of  water  dissolves  the  whole;  but  on 
evaporation,  colourless  crystals  of  chloride  of  potassium  separate  out  first, 
and  afterwards  coloured  crystals  of  the  ferrico-potassic  chloride;  and 
at  this  degree  of  concentration,  the  crystals  of  chloride  of  potassium 
re-dissolve  without  any  warming  or  stirrin;;^,  and  are  rc-convertcd  into 
crystals  of  ferrico-potassic  chloride.  (Fritzsche,  J.  pr,  Chem.  18,  483.) 

Crystallized.  Fritzsche. 

2Ka    149-2  ....  45-57  44-72 

2Fe  54-0  ....  16-49  1717 

3Cl  106-2  ....  32-44  31-39 

2H0     18-0  ....  5-50 


2KCl,Fe2Cl'  +  2Aq 327-4     ....     10000 

L.  Protofluoride  op  Iron  and  Potassium.  —  Fen^oso-potamc 
Fluoride. — KF,FeF. — Precipitated  on  mixing  hydrofluato  of  potash  with 
sulphate  of  ferrous  oxide.  (Berzelius.) 

M.  Sesquifloride  of  Iron  and  Potassium.  —  Ferrko-jyotassic 
Flwyride. — a.  Terbasic. — Formed  by  dropping  aqueous  sesquifluoride  of 
iron  into  excess  of  fluoride  of  potassium.— ft.  Bioasic. — By  the  contrary 
process. — In  both  cases,  small  colourless  crystals  are  obtamed  somewhat 
soluble  in  water,  especially  in  hot  water.  (Berzelius,  Po^g.  4,  129.) 

fl.  3KF,Fe2p«.  6.  2KF,Fe2P.  Berzelius. 

3K 117-6     ....     41-44  2K 78-4     ....     3471  33*88 

2Fe 54-0     ....     19-03  2Fe 540     ....     23-90  240G 

6P  112-2     ....     39-53  5F  935     ....     41  39 

283-8     ....  100-00  225-9     ....  10000 


Iron  and  Sodium. 

A.  Ferrite  of  Soda. — 78  pts.  (1  At.)  of  ferric  oxide  mixe<l  with 
excess  of  ignited  carbonate  of  soda,  drive  ofi*,  at  a  red-heat,  23' 19  (a  little 
more  than  1  At)  carbonic  acid,  and  form  a  diflicultly  fusible  mixture. 
This  mixture,  when  cool,  is  liver-coloured— has    a  waxy,  conchoidal 
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fracture — an<1  takes  up  carbonic  acid  from  the  air,  becoming  red-brown 
and  dull.  Water  cither  hot  or  cold  dissolves  out  the  caustic  soda 
(together  with  the  exccK-s  of  carbonate),  and  leaves  ferric  oxide  free  from 
soda:  the  latter  is  brown-black  after  drying,  and  dissolves  easily  in  dilate 
hydrochloric  acid,  but  a  small  quantity  of  magnetic  oxide  (ahoai 
2*1  per  cent,  of  the  ferric  oxide)  usually  remains  undissolved.  (Count 
SchalTgotsch,  Fog^,  43,  1 1 7.) 

B.  Carbonate  of  Ferric  Oxide  and  Soda.— Analogous  to  carbonaie 
of  ferric  oxide  and  potash. 

C.  and  D. — With  Borajr,  ferric  oxide  yields  upon  charcoal  in  the 
inner  flame,  a  dark  bottle-green  glass,  which,  by  more  complete  reduction 
to  the  state  of  ferrous  oxide,  acquires  a  lighter  bluish-green  colour,  and, 
if  the  quantity  of  iron  is  but  tsmall,  appears  colourless  after  cooling. 
The  re<luction  is  accelerated  by  addition  of  tin.  In  the  outer  flame,  a 
yellowish-red  glass  is  produced,  which  on  cooling  l>ccomes  yellow  and 
afterwards  colourless,  if  the  quantity  of  ferric  oxide  is  but  small,  bat 
renuiins  yellow  if  it  bo  lar^^er, — Jficrocosmic  Salt  behaves  like  boraXi 
(Berzclius.) 

IF  E.  PvROPiiospnATE  OP  FERRors  Oxide  and  Soda. — Ferroio-9odk 
Pyi^phosphate. — Exists  only  in  solution,  and  when  exposed  to  the  air, 
turns  red  and  yields  a  dei)0sit.  Sulphuretted  hydrogen  colours  it  hrovn, 
and  sulphide  uf  auiniouiuni  precipitates  it  completely.  (Pcrsoz,  Ann, 
Pharm.  Gj,  170.) 

F.  PvRornospnATE  of  Ferric  Oxide  and  Soda. — Fa'rico-sodk 
Pyrophosphate. — Obtained  by  boiling  pyrophosphate  of  ferric  oxide  with 
a  quantity  of  pyrophosphate  of  hioda  not  suflicieut  to  dissolve  it, 
and  precipitating  with  alcohul.  (Fleitmann  &  Honneberg,  Ann,  Pharm, 
05,  390.) — Colourle5.s  and  easily  soluble.  The  solution  may  be  evaporated 
to  a  syrupy  consistence  without  becoming  turbid;  but  is  partially  decom- 
posed thereby,  like  the  alumina-salt.  No  turbidity  or  colour  shows  itself 
even  after  the  solution  lias  been  left  to  evaponitc  spontaneously  for  a 
month.  When  treate<l  with  sulphuretted  hydrogen,  it  assumes  the  colour 
of  catechu,  without  yielding  a  deposit  of  sulphur;  aud  on  the  addi- 
tion of  sulphide  of  aninioniuni,  a  deep  green  colour  is  produced.  A 
precipitate  likewise  appears  after  a  while,  but  it  re-dissolves  on  being 
washed  aud  yields  a  greeni.sh-brown  solution.  The  formula  of  this 
salt  is  P»i0^4,Fe=0»-h(PO*,2NaO)-hd:Aq.  (Persoz),  or  2Fe*O',3P0*+ 
2(2NaO,PO»)  +  7  Aq.  (Fleitmann  &  Henneberg.)  V 

Fleitmann  & 
Henneberg. 

2Fe=03   156     ....     22*29        ....         22-42 

4NaO 124     ....     17-71 

5PO* 357     ....     5100        ....         51-12 

7110  63     ....      9-00        ....  9-19 

2Fe20=',3PO*  X  2(2NaO,lW)  +  7Aq.      700     ....  lOO'OO 

G.  Sulphide  of  Irox  and  Sodium. — 1.  Formed  by  fusing  2  parts  of 
iron  pyrites  with  1  pt.  carbonate  of  soda. — 2.  By  fusing  sulphide  of 
antimony  with  carbonate  of  soda,  charcoal,  aud  iron. — Deep  yellow, 
forms  a  block  paste  with  water.  (Berthier.) 
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Iron  and  Calcium. 

AqneooB  ferrate  of  potash  does  not  precipitate  the  salts  of  strontia, 
llme^  or  magnesia.  (D.  Smith.) 

A,  Hypophosphite  op  Ferric  Oxide  and  Limb. — An  aqneons  eoln- 
tion  of  phosphite  of  lime  is  boiled  for  a  considerable  time  with  excess  <^ 
ferrons  oxalate,  the  mixture  left  to  cool  in  a  closed  ressel,  then  quickly 
filtered  and  evaporated  in  vacuo  over  oil  of  vitriol. — Greenish  crystalline 
crusts,  which,  when  heated,  give  off  spontaneously  inflammable  phos- 
phurctted  hydrogen  gas.  Contains  31*37  hypophosphite  of  lime,  44*73 
hypophosphite  of  ferrous  oxide,  and  23*90  water.  (H.  Rose,  Pogg.  12, 294.) 

B.  Sulphide  of  Iron  and  Calcium. — When  20  pts.  crystalliad 
gypsum  and  20  dry  ferrous  sulphate  are  heated  to  whiteness^  in  a 
cnarcoal  crucible,  17 '23  parts  of  metallic  sulphide  are  obtained,  in  the 
form  of  a  fused,  blistered,  whitish-grey  mass,  having  a  £aint  metalhc 
lustre.  (Berthier.) 

Fluorspar  fuses  readily  with  ferric  sulphate;  but  the  mixture  decom- 
poses immediately  afterwards,  with  evolution  of  sulphuric  acid.  (Berthier, 
Ann.  Chim.  Phys,  43,  301.) 

Iron  and  Magnesium. 

A.  Alloy  of  Iron  and  Maonesium. — Magnesia  moistened  with  oil 
and  brought  to  the  melting  point  before  the  oxy-hydrogen  blowpipe,  fuses 
with  iron  into  a  brittle  alloy,  which  exhibits  the  metallic  lustre,  and 
yields  to  the  file.  (Clarke.) 

B.  Carbonate  op  Ferrous  Oxibjb  and  Magnesia. — Mmiine-tpafy 
which  has  the  form  of  calcspar  and  a  density  of  3*36,  is,  according  to 
Stromeyer,  MgO,CO»  +  FeO,CO'. 

Carbonate  of  magnesia  appears  to  render  hydrated  ferric  oxide 
somewhat  soluble  in  water.  (Bischof,  J.  pr,  Chem,  2,  70.) 

C.  &ULPHATE  OF  Fbrrdso-perric  Oxidb  AND  Magnesia.— J5o<yyo^«. 
— Hyacinth-red,  oblique  rhombic  prisms ;  sp.  gr.  2.039.  Contains  frtna 
2-22  to  6-71  p.  c.  sulptatc  of  lime,  26*88  to  1710  sulphate  of  magnesia, 
35-88  to  39*92  ferroso-ferric  sulphate,  6*77  to  6*85  basic  ferric  sulphate, 
and  28*28  to  31*42  water,  including  loss.  (Berzelius  k  Haidinger,  Pogg* 
12,  491.) 

Iron  and  Cerium. 

Carbide  of  Iron  and  Cerium. — A  mixture  of  eerie  and  ferrio 
oxides  heated  to  whiteness  with  charcoal,  yields  a  green,  porous,  magnetic 
very  brittle  mass,  which  appears  metallic  when  filed.  (Ghahn.) 

Iron  and  Glucinum. 

A.  Alloy  of  Iron  and  Glucinum. — Obtained  by  Sir  H.  Davy: 
1.  By  heating  to  whiteness  a  mixture  of  glucina^  iron,  and  potassium; 


t 


IRON  AND  AimraUM. 


jphere  of  ^H 
tb  double  ^^t 
vna  Tuned  ^B 


Bj  hiingiag  sligLtly  oioisUned  glucion  incloeed  m  an  atmosphere 
hydrogen  into  the  circuit  of  a,  thousand-pair  volUiic  buttery  with  dou! 
platM,  the  negiitivo  jKile  beiug  fonnod  of  an  iron  wire,  which  wafl  tuned 

the  action  of  the  currunt. 

B.    Carbide  op   Ibon  and  Glpcincm. — By  raising   a   mixture   of 

ilncinn,  iron,  and  lamp-black  to  an  intcDse  white  lioat. — Whiter  and  lese 
Qctile  than  iron.  Dissolves  in  aoids,  forming  double  Bolts  of  iron  and 
llncmQm.  (Strom  eyer.) 


Iron  ans  Ai.cuinuh. 

A.  Allot  op  Iron  and  AnTMrNiiM.— Prepared  by  Davy  in  the  aame, 
taaner  as  the  alloy  of  iron  and  glucinam  (method  2). — Whiter  thfui 
on.  When  ifflmersed  ia  water,  it  causes  efferresccDce,  and  becomes 
>veced  with  a  white  powder.  Dissolves  in  hydrochloric  acid,  fomiiog  n 
lixturo  of  hydtochl orate  of  ferrous  oxide  and  liydrochlorato  of  alumina. 

B.  Aldmikate  of  Ferroos  Oxide.— ^'etiantte.—Simielle  (III.,  328) 
I  which  part  of  the  magnesia  is  reptac*d  by  ferrous  oiide. — Black  octo- 
edrona  {Figs.  2  and  6).     Sp.  gr.  from  3G  to  33.     Harder  than  qaartK; 

iluecnt  or  opaque;  yields  a  greyish-green  powder.  Does  not  fuse 
efom  the  blowpipe,  but  dissolves  in  borax  or  in  microcosmic  salt,  formiug 
glass  coloured  by  iron,  and  scarcely  acted  upon  by  acids. 


I 


5?:: 


At.  Ztittmile. 

2  ....  400  ....  1?'45  ., 
1  ....  35-0  ....  1537  . 

3  ....  lM-3  ....  67-28  . 


17'5B  .. 
13-97  .. 
6S-27  .. 
250  ,. 


.  9  „.,  180  ....  24-69  ....  25-9* 
.  1  ....  35  ....  4-80  .„.  5-06 
.  10....  511  ...,  70-51  ..,.  67-46 
...     2-38 


229-2  ...,100-00  ....  e9-32  ....  98-«  729  ...lOO-OO  ....100-84 

Addendum.  —  Ckloro^inellf,    from  Slatouet. — Regular  ootohedrone; 

gr,  3-593 ;  hardness  equal  to  that  of  topaz.     Translucent  at  the  edges, 

M-groen,  yielding  a  greyish-green  powder;  assumes  a  trannent  brown- 

ih-greon  colour  when  heate<I.     Infusible  before  the  blowpipe;  fuses  with 

icbonate  of  koAu  to  a  greyish-while  mass;  in  tlie  state  of  powder,  it  dis- 

AOlvea  readily  in  borax  or  in  nticrocosmio  salt,  forming  a  green  glass, 

edoorlcss  after  cooling.     It  may  be  regarded  as  spinelle,  MgO,AI'0*,  in 

^hioh  part  of  the  atnmina  is  replaced  by  ferric  oxide,  as  is  the  case, 

ihongh)  to  a  smaller  extent,  in  the  Zeilanite  from  laerwiese,  (G.  Rose, 

Foys.  50,  652. 


CaO... 

HkO... 

OaO... 
IVO' 
APO> 


At.         ChlOTotpinelU. 
12  Z  a«0-0  ".'.'..  27-17  ".• 


7    ...     1400  .. 


.,.10000  ,...100-14 


IT  Ebelmen,  by  exposing  a  mixture  of  330  pts.  alumina,  2-57 
'ierrie  oxido.  and  2-50  boraclc  atid,  to  the  heat  of  a  pottery  fiirniiee, 
obtained  a  mass,  the  whole  surfnco  of  which  was  covi.ired  with  intersecting 


liglil  brown,  tninsfiarent  or  translucent  lamiiit 

scratch  ijnarti.     The  compound  Al'O'.FeO  lias  lauSy  l»o«i  iliacoTer^  liy 

Lippc,  and  named  IltjicinHe.  (Ajin.  Phurni.  68,  268.)  1 

C.  Carbide  of  Iron  and  Alumincm. — Formed  by  rwsing  an  in^ 
mat«  mixture  of  alumina  and  carbide  of  iron  d.  (p.  219)  to  an  intaw 
white  lieat, — Very  brittle  and  wliile;  yields  by  analysis,  6-4  p.  c.  alnnimi. 
When  fui»!d  with  I.^  parts  of  steel,  it  forma  an  alloy  resembling  IdiUu 
BtoeL  {Fa.raday  &  Stodart.) 

D.  Sin.PHATE  OF  Aldhina  axd  Ferrous  OxiDE.^-a.  A  tpeeia  tf 
Feaiker-ialt. — Formed  by  tUo  wtuitheriog  of  iron-pyrilea  diffused  tliroot^ 
slate-clay  in  the  abandoned  mines  of  Hurlet  and  Caropsie. — Asbeatus-hte 
mass,  coDBiutine  of  colourless,  eilky  fibres,  which  turn  brown  in  moist  lir, 
are  easily  soluble  in  water,  on  the  evaporation  of  which,  crystals  d 
green  vitriol  separate  out,  the  alumina  remaining  in  the  mother'liqniil. 
(Phillips,  ^nn./*Ai(.  21,  446.) 


AlK)*.... 
8S0>.... 


20-72 
5-07 
31-58 
42-G3 


«CFe0,8O^  +  Al=O>,2SO!  +  48A.q.     10134 


6.  Another  l-ind  of  Ftathtr-tall. — Whit<',  silky,  asbeetua-like  banJlN 
of  fibres,  which  hare  a  styptic  taste,  give  off  water  when  gently  heated, 
fuse  readily,  and  dissolve  perfectly  in  water,  forming  a  colourless  solution. 
Origin  unknown,  (Bcrtbier,  Sdiin.  33,  472.) — A  aimilar  composition  ie 
that  of  Mountain-butter,  which  occurs  at  Wotzolsteir  near  Saalfeld  in 
white,  botrynious,  and  kidney-ahaped  masses.  (Bmndea,  Sdiw.  39,  417.) 


NH'  ... 

MgO  .... 
SPeO  ..„ 


70-0     ....      12-40 


a{P60,SO»)  +  AIK)',380'  +  27Aq.    564-4     ....  10000 


1000 


100-00 


c.  Anoikti-  Hnd  of  Feather-ialt,  corresponding  in  composition  to  alum. 
From  the  quicksilver  mine  at  Mdrsfeld.  Yellowish-white,  silky  nuw^ 
consisting  of  soft  parallel  fibres.  (Rammelsberg,  Poffff.  43,  SiiS-y-Tbe 
same  salt  is  obtained  artificially  by  mixing  the  solutions  of  greeu  vitriol 
and  Biilplmte  of  alumina  with  a  large  excess  of  sulphurio  acid.  Tlie  mix- 
tuTC,  when  put  into  a  porcelain  basin  with  rough  sides,  and  left  to  evapo- 
rate in  a  warm  place,  effloresces  in  long,  silky  threads,  united  in  bundle^ 
which  are  very  apt  to  creep  over  the  edge  of  the  vessel.  (Khtaer,  AtM. 
Pharm.  14,261.) 


hydrofluosilieie  acid,  the  Bilicinm  lieing  oxidated,     Wlien  exposed  to  tie 
air  io  a  moist  elato,  it  is  converted  into  a  rusty  yollow-ochre,  (Ben»lia«.) 

B,  Silicate  of  FERnoca  OxtD£,  or  FERRors  Silicate.^-*.  Vitilitale. 
— Often  produce]  in  the  ronveniiuu  of  ca^t  into  wroujibt  iron,  and  in  llw 
reRning  of  coarse  copper;  in  the  l&tter  case,  it  is  miied  with  the  eulpbiJw 
of  wpper  and  iron.  Exhibita  tlie  same  crystalline  furin  with  tlie  eomo 
cloavage-planea,  likewise  the  aanio  liistro  and  hardnosu  as  Chiysolilo 
(III.,  393)  even  when  disilicste  of  lime  ia  mixed  with  it.  Hydrochlorio 
auid  estraots  the  ferrous  oxide,  and  leaves  the  eilio.  (in  the  form  of  a  jell;: 
K<^n)  undissolTed.  (Mitscherlich,  Ann.  Chim.  Phf.  24,  359;  Walclincr, 
•ScAw.  39,  71;  comp.  Miller,  I'ogg.  23,  559.) 


KO 

MgO  . 
MnO  ., 
2FeO   .. 

CoO 

APO>  „ 


MiticherUch. 

^ 

WilchDer. 

a. 

4. 

e 

d. 

r. 

020 

...    0-29  ,. 

..     0-6S 

1-90 

...      141   .. 

1-Sl 

1-30 

...     2-65  „ 

!■« 

„  67-24  .. 

.     69-0? 

V^O> 

61-23 
1-56 

...  62-04  _ 

1-61 

.,  31-16  .. 

.     30-93 



sa-gfi 

...  32-35  ,. 

29:u 

..  99-oa  , 

.  100-00 



9S'15 

...  98-74  ., 

9S-« 

a,  are  crystals  from  iron-works;  h.  from  the  copper  rcGnery;  the  admixed 
sulphide  of  iron  and  eulphida  of  copper  have  hecn  allowed  for  in  llio 
analysis;  c.  from  the  iron-works  at  Dax  in  the  Pyrenoes,  sp.  gr.  37; 
d.  from  the  iron-works  at  Bodenhausen  in  the  Hara;  very  much  like 
hyalosiderite,  sp.  gr.  3-^29;  e.  from  the  coppDr-rcllnery  at  Lautertlinl  in 
the  Harz,  ap.  gr,  3-87. 

To  this  lioad  belong  also  JlsaUftiderUe  and  Fayalite,  excepting  that  * 
large  quantity  of  the  ferrous  oxide  is  replaced  by  magnesia  and  other 
hitHos.  l/j/aloaiderUe  has  the  form  of  chrysolite;  sp.  gr.  2-875;  harder 
than  apatite,  yellowish-brown;  tninstucent  at  the  edges,  where  it  exhibits 
a  hyaointh-reJ  colour.  If  not  naturally  magnetic,  it  bocomea  so  wbwi 
heated  to  redness,  when  it  also  tiiTna  black ;  at  a  higher  tempcratun^  it 
fnses  to  a  black  magnetic  globule.  With  borax  or  mlcrocosmic  sal^  it 
gives  the  reactions  of  iron,  and  with  microcosinic  salt,  immeiliatelj  t 
skeleton  of  silica.  It  dissolves  with  difficulty  in  cold,  concentrated 
hydrochloric  acid,  and  yields  a  jelly  on  evaporation.  (Walchner.  S^, 
38,  63.) — Fayalite  is  sometimes  of  crystalline  structure,  aometinies  fnuxl 
and  hlistere<l;  ap.gr.  4-138;  softer  than  quarti,  greenish-biack,  and  slronslv 
attracted  by  the  magnet.  Fuses  very  easily  and  quietly  to  a  melaihe 
globule,  with  evolution  of  sulphurous  acid;  dissolves  readily  in  borax  vA 
in  raicrooosmic  salt.  Strong-fuming  nitric  acid  omverta  it  into  a  jelly; 
but  when  this  jelly,  after  washing  with  water,  ia  boiled  with  carbonate 
of  potash,  which  dissolves  the  gelatinous  silica,  there  remains  anotbet 
mineral,  insoluble  oven  in  boiling  oil  of  vitriol;  this  tatter  mineral  1 
therefore  intimately  mixed  with  the  eoluble  mineral,  the  purer  Fay 
(0.  O.  Gmelin,  Pogg.  SI,  160.) 


KNEBELITB,  PYROSMALiiii. 

Hyaloiiderite.  Walchner. 

KO ....  2-79 

4MgO 80      ....       32-92  32'40 

MnO   ....  0-48 

2FeO  70      ....       28-80  29*71 

88i08 93      ....      38-28  31-64 

AlW  ....  2-21 

Cr^O*  ....  trace 


243       ....     10000        99-23 

Soluble  part  qfFayalUe.           C.  G.  Gmelin.  Fellenberg. 

CaO ....                        ....  0-43 

MnO    ....                       2-94  ....  079 

2FeO    70      ....       69-31        65-84  ....  6257 

CuO ....                        0-60  ....  0-32 

PbO ....                       ....  1-71 

ISiO*   31       ....      30-69        ^ 24-93  ....  3104 

A1«0»   ....                        l-g4  ....  3-27 

FeS ....                      2-77 

S  and  CI ....                        ....  trace 

101       ....     10000         ZZ         98-92        Z.       10013 

fn  Walchner's  analysis,  the  29*71  denotes  not  ferrous  but  ferroso-ferrio 
oxide. — The  insoluble  portion  of  Fayalite  exhibits  such  diversities  of 
oomposition  that  it  cannot  bo  reduced  to  calculation. 

Knebelite. — FeO,  MnO,  SiO'. — Decomposed  by  hydrochloric  acid,  with 
reparation  of  gelatinous  silica.  (Dbberciner^  Schw.  21,  41.) 

Knebelite,  Dobereiner. 

MnO    36        ....         35-30  350 

FeO 35         ....         34-31  320 

8i03 31         ....         30-39  325 


102         ....       10000         99-5 

h,  Monosilicate. — a.  Sometimes  found  in  the  sla^  of  the  blast-furnaccd 
(partly  mixed  with  monosilicate  of  lime)  in  greenish,  often  transparent 
crysttils  corresponding  to  those  of  Augite.  (^litschcrlich.) 

When  a  mixture  of  1  At.  SiO"  and  1  At.  Fe-Q^  is  fu^ed  for  an  hour 
in  a  charcoal  crucible,  iron  is  reduced,  and  a  slag  (a)  formed,  resembling 
the  slag  produced  towards  the  end  of  the  process  of  converting  cast  into 
wrought-iron;  composition  =  FeO,  SiO*  nearly.  The  iron  reduced  in  the 
proccbs  is  not  pig-iron,  but  very  malleable,  partly  of  specific  pjravity 
8*089 ;  the  ferrous  silicate  appears  therefore  to  prevent  the  combination 
of  carbon  and  silicium  with  the  inm. — By  fusion  for  several  hours  in  a 
blast-furnace,  more  iron  is  reduced  from  the  sing,  likewise  malleable  aud 
containing  only  0*59  per  cent,  of  carbon,  together  with  a  trace  of  silicium; 
and  the  slag  6  has  very  nearly  the  composition  2FeO,3SiO'.  (Sefstrbm, 
J.  techn.  Chim.  10,  178.) 

Slag  a,  Sefstrom.  Slag  b,  Sefstrora. 

FeO 35     ....     53-03     ....     51-2         2FcO  70     ....     4294     ....     4605 

SiO» 31     ....     46-97     ....     496         SSiO^  93     ....     5706     ....     5395 


Fe0,SiO8     66     ....  10000     ....  1008         2FeO,3Si02  163     ....  100-00     ....  10000 

Fyrosmalite.--  15(MnO,  SiO')  + 1 5(FeO,SiO')  +  FeTP,  3FeW,  3Aq.  1 
-^Regular  six-sided  prisms,  the  lateral  edges  twice  truncated.     Cleavage 
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perpendicular  to  tbe  axis;  less  distinct  parallel  to  the  lateral  hoes. 
Sp.  gr.  3*081;  yellowish-brown  without,  menish-yellow  within;  opaque; 
Yields  a  light  green  powder.  Before  we  blowpipe  it  assumes  a  black- 
brown  colour,  gives  off  vapours  of  water,  hydrochloric  acid,  and  sesaai- 
chloride  of  iron,  and  foses  to  a  black  magnetic  globule.  Dissolves  reaoilj 
in  borax,  exhibiting  the  reactions  of  manganese  and  iron — ^with  difficaltj 
in  microcosmic  salt.  Dissolves  in  nitric  acid  with  separation  of  siliea. 
(Hisinger,  Schw,  23,  63.)  Hydrochloric  acid,  after  long  digestion,  decom- 
poses it  completely,  without  forming  a  siliceous  jelly.  (H.  Rose.) 

Htnnger. 


CmO   

•  •••••«                               X    mm 

ISMnO 

...       5400 

22-35 

23-45 

15FcO    

...       525-0 

21-73 

20-78* 

308iO2  

...       9300 

38-49 

35-85 

4Fe«0»   

...      3120 

12-91 

12-34  * 

3(Cl-0)   

82-2 

3-40 

.a.....                                   M     tf  I 

3HO 

27-0 

1-12            ^.....      undetermined 

2416*2      ....     100-00 


c.  SiX'Jifths  Silicate, — Hornblendes  rich  in  Iron, — a,  Arft/edtomik, 
5(NaO;  CaO;  MgO;  MnO;  FeO).  6SiO».—w^:t«= 123^*55'.  Fuses  even 
in  the  flame  of  a  candle;  boils  up  strongly  before  the  blowpipe,  and  yieUfl 
a  black  magnetic  globule.  Not  soluble*  in  acids  or  in  caustic  potasb. 
(v.  Kobell,  J.pr.  Chem,  13,  3.) 


KobelL 

At 

FromGraaluA. 

NaO  

4 

.•.. 

124-8 

.... 

8-77 

800 

%^ftv/      .••....*•••• 

1 

.«•• 

28-0 

*••. 

1-97 

1-50 

MgO 

.1.. 

.••. 

0-42 

MnO 

.... 

*••* 

0-62 

FeO    

15 

**•. 

525-0 

•>•. 

36-93 

3612 

SiOa  

24 

•<•* 

7440 

a... 

52-33 

49-27 

A120» 

*•.. 

...a 

200 

CI  

.•». 

.... 

0-24 

1421-8 

.... 

100-00 

98-17 

p.  Aegyi^ine.—5{K0i  NaO;  CaO;  MgO;  MnO;  FeO),  6  SiO».— Re- 
sombles  hornblende  in  outward  appearance.  Fuses  to  a  black  globule; 
forms  a  green  transparent  bead  with  a  large  quantity  of  borax,  and  a 
black  bead  with  a  still  larger  quantity.  With  microcosmic  salt  it  forms 
a  green  glass  and  a  skeleton  of  silica.  Dissolves  abundantly  in  carbonate 
of  soda,  forming  a  brown  opaque  bead.  Contains  titaniferous  iron  injected 
into  it.  (Plantamour,  •/.  pr,  (jhem,  24,  300.) 

*  Hisin^r  fonnd,  on  the  whole,  35-48  p.c.  sesquiozide  of  iron,  of  which,  howerer, 
he  supposed  that  the  greater  part  was  contained  in  the  mineral  in  the  form  of  protoxide: 
In  the  above  calculation,  {\  of  the  sesquioxide  found  by  Hisinger  is  reckoned  as  prot- 
oxide, and  the  remaining  f^  as  sesquioxide. 
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Mn»0»  80  ...  24-32  2501  to  2654 

Fe»0»    78  ....  24-01  22-90  „  21-00 

2Si03    62  ....  18-84  18-98  „  1807 

12HO   108  ...  32-83  3300  „  32*82 

328       ...     100-00        ~.        99-89     7,     98*43 

b.  Sesquisilicate.—YeUoto  Earth  from  Amberg.— 2(Fe'0»;  AW), 
3SiO»-^4  Aq.  (Kiihn,  Schw.  51,  466.) 

YeUow  Earth,  Ktthn. 

MgO   ....  1-38 

5FeJO»    3900       ...       36-79  37*76 

3A120*    154*2       ...       14-54  14*21 

12Si02    3720       ...       35-09  33*23 

16HO 1440       ....       13-58  1324 

1060-2       ....     100-00         ZZ         99-82 

c.  Bisilicate. — HisingeriU. — Fo'O',  2SiO'  +  4  Aq. — AmorpLous,  with 
an  unoven,  conchoidal  fracture.  Black,  but  produces  a  yellowish-brown 
powder  Gives  off  water  when  heated;  the  blowpipe-flame  rounds  it  off 
at  the  edges,  and  renders  it  dull  and  magnetic.  (Hisiuger,  Pogg.  13, 505.) 
Hydrochloric  acid  decomposes  it,  with  formation  of  gelatinous  silica.  In 
the  analysis  of  Hisingerite  from  Bodcnmais  (also  called  Thraulitt),  the 
admixed  magnetic  pyrites  was  deducted  by  Hisinger^  and  likewise  bj 
KobcU.  {Pogg.  14,  467;  Schw.  62,  198.) 


Hisinger. 

Hisioger.            KobeU. 

Hitingerite. 

Riddarhyttan. 

BodexuBftit. 

Fe^O* 

78       ..     44-32 

45-95       ... 

51-53       ....       50*86 

2Si02 

62     ....     35-23 

36-30       ... 

31*78       ....      31-28 

4HO  

36     ....     20-45 

20-70       .... 

2000       ....       1912 

176     ....  100-00 

102*95       .... 

103-31       ....     101*26 

In  the  mineral  from  Riddarhyttan,  Hisinger  found  44*39  per  cent.,  and 
in  that  from  Bodenniais,  49*87  per  cent,  of  Fe^O*,  which,  in  the  above 
analyses  is  reckoiic<l  as  Fe-0^.  KobeU  found  in  the  mineral  from  Boden- 
maia,  5*7  per  cent,  of  FeO,  which,  however,  he  supposed  to  arise  from  the 
presence  of  magnetic  pyrites.  This  perhaps  is  the  origin  of  the  excess  of 
ferric  oxide  over  the  silica,  which  is  ai)parent  in  the  analyses;  or,  on  the 
other  hand,  this  exee.ss  may  arise  from  the  actual  composition  of  Hising- 
erite: if  that  be  the  case,  the  mineral  may  perhaps  be  represented  by  the 
fornmla: — 2Fe-0',  3SiO^-f4  Aq  ,  analogous  to  Yellow  Earth. 

The  Ochre  which  is  deposited  by  the  hot  spring  at  Lucca  on  exposure 
to  the  air,  probably  from  ferrous  silicate  contained  in  it,  and  which  dis- 
solves in  hydrochloric  acid  with  separation  of  gelatinous  silica,  contains 
[besides  water  %]  57*17  p.  c.  ferric  oxide  to  42*86  silica.  (H.  Davy, 
iichuK  35,  78.)  t^^'®'0^  2SiO^  requires  55*71  p.  c.  ferric  oxide  to  44-29 
silica.] 

d.  Tersllicate.  —  Nontroniie.  —  Fe'O^SSiO'  +  5Aq. — Massive,  with  a 
splintery  or  earthy  fracture;  translucent  or  opaque;  varies  in  colour  from 
siskin-green  to  straw-yellow.  When  immersed  in  water,  it  gives  off 
bubbles  and  becomes  transparent.  Before  the  blowpipe  it  decrepitates, 
turns  yellow,  then  brown,  then  black,  and  acquires  magnetic  properties, 
but  without  jfusing.  Insoluble  in  cold  acids,  but  soluble  in  hot  sulphuric, 
liydrochloric,  or  nitric  acid,  with  separation  of  gelatinous  silica.  (Berthier, 


Attn,    Chiim.   Phyt.    36,    22;  JacqaelaJD,  Ann.  Chim.   Fhyi,   6G,   101; 
BwwMd,  J.  pr.  Chm.  H,  162.) 


srthicr. 

JscqaeUin. 

Bieoeiul. 

0-19 

truw 

21 

trace      '. 
0-90 

trace 

29'0 

35 '69 

.      37-30 

3-6 

3-31 

440 

■il-31 

41-10 

le-r    , 

18-63       . 

.       21-S6 

21G 


100-00 


99-96 


e,  Qvadnnlieate. — AnthosiderUe. — Fe'0°,  4SiO'+Aq) — Composed  of 
*t  fibres;  ap,  gr.  about  30;  gives  aparks  with  steel;  ochre-brown, 
uluoent  ia  thin    fragmeDU.    (Hausniana   &   Sohuedonnanii,    Pogg. 

!•) 

AnIkotiiXerile.  ScbncJenniuio. 

F^O" 78       .,.,       36-97         31-99 

4SiO  13-1       ....       6S-77 


BO 


4-26 


3-69 


211 


100-00 


9a-6G 


When  quadrofiilicatB  of  eoda  is  gi^tmlly  added  to  hjdrocblorate  of 
Arrio  oxide,  the  precipitate,  as  it  lonns,  is  immediately  re-diseolved,  with 
.Ui«  exception  of  a  Binall  quantity  of  silica,  and  the  liquid  acquires  a  dark 
eolonr.  Oa  evaporating  the  liquid,  a  r-ed-brown  moM  is  loft,  translucent 
ftt  the  edses,  and  exhibiting  a  com:hoidal  fracture.  Water  causes  it  to 
deorepitdte,  and  extracts  from  it  chloride  of  sodium,  together  with  the 
exceas  of  ferric  chloride,  while  ferric  silicate  is  left  behind  in  the  form  of 
%  light  yellowish -brown  powder,  from  which  hydrochloric  acid  estracta 
llie  whole  of  the  ferrio  oxide. — With  excess  of  tersulphate  of  ferric  oxide, 
^uadroiiiltcato  of  soda  gives  a  precipitate  only  on  boiling,  but  if  the  latter 

KU  is  in  excess,  the  mixture  soliiliSes  iu  24  hours.  (Walcker,  N.  Quart. 

Silieatt  of  Ferric  OxuU  with  Carlonale  of  Potash. — Bil/atic. — Otauher'i 
~r«n-lrt*. — When  a  piece  of  perfectly  dry  prolodilorido  of  iron  is  im- 
letMd  in  soluble  silica  (obtained  by  fusing  1  pt,  quartc  and  8  pts. 
.^rbonKlo  of  potash,  and  disBolving  the  fused  mass  in  water)  thin,  white, 
Vibbon-tiliapcil  and  threail-like  columns  or  branches  immediately  rise  from 
D  the  surface  of  the  liquid,  aud  tlioro  form  a  kiml  of  canopy;  their 
^^  )ur  is  first  green,  and  thou  brown,  and  they  niay  be  preserved  if  the 
Pquid  be  carefully  poured  off  from  them.  (R.  BOttgor,  J.  pr.  Chtm. 
JO,  60.) — Protochlonde  of  iron  forms  white  branchea  which  rise  porpen- 
dlonlarly,  and  after  awhile  turn  green,  then  hluek,  and  lastly  red  fay 
oxidation.  Sesquichloride  of  iron  forms  red  branches.  Rreeu  aud  blue 
Titriot  likewise  form  trees.  At  the  top  of  each  branch  in  sitipated  a 
Od-bubblo,  which,  na  it  rises  through  the  liquid,  carries  the  iron-salt 
Slang  with  it.  If  the  gas-bubble  bo  removed,  the  growth  of  the  branch 
!la  UTOctM.  A  large  gas-bubblo  produoea  a  thick,  hollow  branch  termi- 
nating in   a  hemispherical  summit.      If  a  fresh   gas-bubblo  wirtica  mi 


additioual  quantity  of  iron-mlt  up  t}irough  tbo  hollow  tube,  the  balible 
tbeii  breaks  through  the  fumwit  and  Blla  the  whole  liquid  with  crooked 
threads  which  cprcnd  out  into  b  globe  filled  with  gas.  In  the  following 
table,  a.  gi?eB  the  compositiOD  of  the  iron-tree  obtaiocd  with  proluchlorido 
of  iron  previously  heal«d  till  it  began  to  turn  red;  6.  that  fonuei!  by 
protochloride  which  bad  remained  white;  and  c.  that  produced  by  iba 
seequicbloride,  after  previous  trituration  and  washing  with  trat^. 
(Mulder,  /.  pr.  C'/inn.  22,  41.) 

Mulder. 


6F^CP 468-0  ,„.  C6'Bl 

3SiO»    93-0  ....  13'30 

2KO     W'4  .,..  13-SO 

2C0»    4*0  ....  6-a9 


3(2re'0»,SiO^  +  Z{KO,CO^     699*     ,      lOO'OO      ....     1000     .  .  ...  1000 

The  carbonic  acid  was  determined  merely  by  loss.     Mulder  regards  tlie 
compound  as  silicate  of  potash  combined  with  carbonate  of  ferric  oxide. 

a.  Wit/i  4  Al.  acid. — The  })rci;ipitate  formed  with  solution  of  silica 
and  hydroeblorato  of  ferric  oiide  coutaina  233  p.  c.  ferric  oxide,  4ifl 
silica,  2I'l  potash,  and  O'O  carbonic  acid.  (Mulder.) 

Double  Silieatei  containing  Ferric  Oxide  and  Alumina  on  Ae  out 
hand,  and  Ferrotu  Oxide  and  othert  of  Uie  stronger  (ojcs  on  iheolker. 

CAamot«(e.—2(5FcO,SiO')-t-AI=0',3SiO'-t-12A(].— Massive;  fractnro 
granular,  uneven,  or  earthy;  ep.  gr.  from  3-0  to  3-4;  dark  green isb-grey; 
magnetic.  When  heated,  it  gives  off  water,  becomes  more  stronj^Iy 
magnetic  and  tnms  black,  or  if  the  air  has  access  to  it,  reddish,  l^ia- 
Bolves  readily  in  bydrocbloric  acid  with  separation  of  gelatinous  silica, 
blackened  by  asphalt.  (Berthier,  Schv>.  S3,  Si.*).) 


Benhier. 

Fiam  CluiaaMR. 

lOFeO   

.taO'O     .... 

58-10 

60-5 

Al'O" 

Sl-4        „„ 

8-53 

lOB'O        .... 

17-93 

l?-4 

GOZ'4       .  . 

100-00 

100-0 

Pea-ore  or  Lenticular  Grey  Iron-ttone  from  tbo  Albinger  pit  new 
Kandeme.—10FeO,3SiO'-|-Al'O»,SiO'4-5Aq?— Nodules  laving  a  dia- 
meter  varying  from  1  lire  to  2  incbeg,  splitting  off  in  thin  scales;  sp.  gr. 
31;  dinpy  olive-green  inclining  to  yellow.     UisHolves  slowly  but  cow- 


plelety  in   aqua-regia,   and  yields  gelatinous 
(Walchner,  Scha.  51,  219.) 


tilice 


when  evapoialad. 


C«0  «ndMi. 

lOFeO 

APO»  

3S0-0      . 

.       61-36        ... 
9'01 

.     ai'74      ,,, 

7-89 

trace 
61-Gl 

Z         20-85 
B-19 

bvx 
,      62-44 

8-46 
,  21-66 
,        7-92 

5HO 

45-0 

570-4 

.      10000 

99-22 

,    100-48 

Simpler,  but  less    in    accordance   witb    the  analvBis    is    the 
SfSFcO,  SiO=)  +  Al'O',  SiO'+5Aq. 


5iii>Mio»wVan*—8(FeO,SiO')  +  AFO",3SiO'  +  7Aq.— Laminar;  sp.  gr. 
Stom  30  to  3-4;  lustrous,  raren-black,  yieMs  a  {freen'mh-black  powiler. 
•fiives  ofTammotji'Lcal  water  when  heated;  fusea  with  ilitficuUy  before  the 
*  lowpip«,  jntu  a  black,  shining  globule;  gives  the  mangoneae  reaotiun 
vitb  carbonate  of  soda;  dissolves  completely  iu  borax,  exhibitiag  the  iron 
reaction,  and  in  inicrocoamio  salt,  with  separation  of  &  siliceous  jelly. 
j[)issoIves  bat  incompletely  in  hydrochloric  acid  even  when  warm  and 
concentrated.  (Rammolsherg,  Poff(/.  43,  127.) 


SlilpnofHelane. 


Runmelsberg  (ml 

0-75 

0-52 

2-39 
36M 

6-7S 
45'03 

7-9G 


99-43 


Gedrite. — BFeO,  6SiO'+ Al'OVSiO"  +  Aq  1— Fibrous,  somewhat  lami- 
f  J  ■!'-  BJ-  3'26;  violot-brown,  with  eomi-metallic  lustre,     Fuaea  readily 


I 


to  a  black  tilag;  forma  a  blackish-green 
by  acida.  (Bofrenoy,  J.  pr.  C!itm.  U,  132.) 


lasa  with  borax.     Not  attacked 


CaO  .... 
MgO  ... 

AFO" .... 


45'83 
9-31 

38-81 


/^wa^.— 2(2FeO,SiO')  +Fe'0',SiO=;  or  more  esactly,  4(2FeO,SiO') + 
S(2CaO,SiO=)  +  3(Fe'0',SiO').— Cryfitallioo  aysteni  the  right  prismatic. 
Ji'ig.  54,  62  (without  the  p-face),  anJ  other  forma;  u'-.a  {Fig-  62)= 
112' 30';  .:u=128=20'.  (Hauv.)  Sp.  gr.  3fl  to  40;  harder  than 
ftpatite;  opa<]uo,  with  aemt'metallic  lustre;  greyish- black.  Fuses  eaaily 
before  the  blowpipe,  and  forma  a  black  magnetic  bead.  DissolvoB  witli 
tbo  iron  reaction  in  borax  and  in  microcosmio  salt,  in  the  latter  with 
separation  of  a  siliceous  skeleton.  Dissolves  easily  and  coiiipletety  lu 
w&rm  hydrochloric  acid,  forming  a  jolly. 


Stromeyer. 

lUmmelsbcrg 

11-37 

13-78 

..,         11-20 

1-59 

1-51 

30-94 

3190 

.,        32-53 

2S-86 

0-61 

...        2278 

30-83 

29-28 

29-46 

1-27 

1-60 

100-00 

101-43 

99-24 

In  Stromeyer's  originaJ  analysis,  the  whole  of  the  iron  was  estimated  as 
L  protoxide,  which  amounted  to  5214  per  cent.  Kobell  found  that  the 
\  ntinoral  contained  23  per  cent,  of  ferric  oxide,  and  Slromeyor'8  aoalyais, 
I   ipTen  in  the  preceding  table,  is  calculated  accordingly, 


I 


CronitedtiU. — SFeO.SiO'  +  FeK)',  S:0'+3Aq  ?  — Regular  «x-«ded 
prisms  {Fi^.  135);  cleavage  very  distinct  parallel  to  p,  less  iliatinel 
poiullel  to  g;  sp.  gr.  =  3'348;  softer  tb&n  calcspar;  opaque,  raven-bUck, 
powder  greyieh-green;  nan-roagnetic.  Before  tlie  bluwpipe,  it  froths  t 
little,  without  molting;  but  in.  the  osy-hjdrogen  flame,  it  \a*\ia  to  a 
black -brown  globule ;  with  borax  it  forms  a  black  bca<L  Diafiulret 
roadily  in  dilute  Bulpharic  or  hydrochloric  acid,  forming  a  solotion  whieh 


becomes  gelatinous.  (St< 


1,  Sohvi.  32,  69.) 


MnO  .  „, 

a-89    . 

3'82 

FcO   

-..,     S     . 

.     33-08 

S8'BS     . 

.     57-61 

.    2M1 

Fc'C 

....    2     . 

.     156    . 

.    3S-36 

SiO'  

....    4     . 

.     22-83 

HO    

....     6     , 

,     10-21 

10-70 

-     10-;  0 

S29 

..   100-00 

,.         99-97 

98-21 

Stoiuniann  calculated  all  tbe  Iron  as  protoxi<Ie.     KobcU  found  35'35  p.e. 
Steinmann's  first  analysis,  tntn 

iriV%n.— .3(FeO,SiO')-|-ATO*,3SiO';  or  moro  completely,  3(NiDi 
CftO;  MgO;  FeO),  3SiO'-|- 1(A1'0',  PeH)'),  SSiO'.— lU  compoMtion  ii 
therefore  analogous  to  that  of  felspar.  It  has  two  cleavage-planes  whid 
cut  one  another  almost  at  a  right  angle;  sp.  gr.  d'09;  acmtchcs  glaa; 
block.  Forms  a  black  bead  before  the  blowpipe,  and  a  bottle-green  j^Mm 
with  borax.  Not  attacked  by  hydrochloric  acid,  (Laurent,  Ann.  CIml. 
Pkyi.  59,  109.) 

Wichti/n. 


2N.0    

62-4 

5C«0    

140-0 

3MgO   

60-0 

3-01 

3-0 

280-0 

U-05 

13-0 

78-0 

3-92 

4-0 

5APO>  

257-0 

12-BS 

13-3 

11160 

55-99        ... 

56-3 

1993-4 

100-00 

99-1 

Jcftwifc.— NaO,2SiO'-|-PeO,SiO'-|-Fc'0'.3SiO'l~Cr78taJlineByita« 
tbe  right  prismatic.  Fig.  G6,  but  without  the  y-iaces,  and  without  tk 
email  faces  between  a  and  t;  the  acumination  is  likewise  iuiicIl  shatpsb 
m:m*^86°56';  u:i=133''28';  Mini  — 13e'32'.  (M itscherlich.)  Clearifi 
parallel  to  u,  teas  distinct  parallel  to  m  and  (.  Sp,  gr.  3-24;  acnitchi* 
glass.  In  thin  fragments  it  is  translucent  and  exhibits  a  vol  I  o  wish-brown 
colour;  on  the  outside  it  is  bron-n-black  or  red-brown;  blackish  or  duk 
greyish-green  on  tbe  fractured  sorfaccs.  Before  the  blowpipe,  it  fuw 
into  a  blacl 


black  bead.  (Strijm,  Schw.  37,  201.) 


NaO  ... 
CaO  .- 

UnO... 


36-0 
78-0 
186-0 


S-45 9'74 

10-60 

23-62        34-44 

&e-33        54-27 

1-88 

~'                       .  100-33 


,  IOC- 
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Str5in  and  Benelitui  assume  that  all  the  iron  in  Aohmite  is  in  the  state 
of  ferrio  oxide;  hat  according  to  Kohell^  the  greater  portion  is  in  the  state 
of  ferrous  oxide. 

(HtreliU.^3{FeO, SiO*) 4- 2 APO«,  3SiO«  +  3 Aq.— Fuses  with  difficulty 
in  the  hlowpipe  flame  at  the  ed^es,  yielding  a  hlack  magnetic  glass. 
When  fused  with  carbonate  of  soaa,  it  exhibits  the  manganese  reaction, 
and  with  borax  the  iron  reaction.  Not  decomposed  by  any  acid  except 
heated  sulphuric  acid.  (Damour.) 


Damour. 

( 

OUreiiti 

• 

From  Ottrez. 

MnO  

360 

8-54 

8-03    to      8-18 

2FeO  

700 

16-59 

16-81     „      16-72 

2APO»    

....       102-8 

24-37 

23-89     „      24-63 

6SiO« 

....       I860 

4410 

43-52     „      43-34 

3HO 

270 

6-40 

5-63     „        5-66 

421-8       ....     100-00  97*88     „      98-53 

CklorUe-9par. —2¥eO,SiO^  -h  2 APO*,SiO*.  —  Becomes  darker  before 
the  blowpipe,  and  afterwards  rftd-brown,  but  without  fusing;  exhibits 
traces  of  manganese  when  fused  with  carbonate  of  soda.  Dissolves  in 
borax  forming  a  dark  green  bead.  Microcosmic  salt  dissolves  it  slowly 
but  completely,  without  leaving  a  siliceous  skeleton,  and  forms  with  it  a 
riass  coloured  by  iron  while  hot,  but  colourless  when  cold.  Not  soluble  in 
hydrochloric  acid.  Hence  the  mineral,  previously  to  analysis,  may  be 
freed  from  ferric  oxide  and  alumina  by  digestion  in  hydrochloric  acid. 
(Erdmann,  J.  pr.  Chem,  6,  89.) 


2FeO  . 
2A1«0«. 
2Si02  . 


Erdmann. 

Chloriie-tpar. 
70-0      ....       29-81 

From  Kosoibrod. 
3005 

102-8       ....       43-78 

45-02 

62-0      ....       26-41 

24-93 

234-8       ....     100-00         10000 

Lepidomelane,  —  (KO;  FeO),  SiO«  -f-  (Fe'O^;  APO'^),  SiO^;  or  more 
exactly ;  4(K0,  SiO*)  -h  7(FeO,  SiO»)  +  7(  Fe'O',  SiO;)  -f  4( APO^  SiO«).— 
Raven-black,  shining,  opaque,  micaceous,  crystalline  scales,  united  in 
granulo-laminar  masses:  sp.  ffr.  3*00.  Before  the  blowpipe  it  acquires  a 
pinchbeck-brown  colour,  and  fuses  to  a  black  magnetic  bead;  dissolves 
in  boraXj  forming  a  green  glass.  Hydrochloric  acid  dissolves  it,  with 
separation  of  silica  in  the  form  of  the  crystalline  scales  of  the  mineral. 
(Wohler  &  Soltmann,  Pogg.  50,  664.) 


KO    4 

CaO,MgO 

FeO   7 

Fe^OS 7 

A1'03 4 

Si02  22 

HO    


At.                   Lepidomelane,  Soltmann. 

188-8       ....       10-11         9-20 

0-26 

245-0      ....       13-12         12-43 

546-0       ....       29-19         27-66 

205-6       ....       11-01         11-60 

682-0      ....       36-57         37-40 


0-60 


1867-4       ....     100-00        99-15 


PinguiU.—'PeOfiSiO^  -h  2(Fe20«,  2SiO^)  -f- 1 4Aq  ?  —  Resembles  Bole. 
Fracture,  conchoido-splintry;  sp.  gr.  2  31 5.  Very  soft;  greasy  to  the 
touch;  does  not  become  softer  by  immersion  in  water.  Has  a  faint 
waxy  lufitre,  and  a  siskin-green  colour.   (Breithaupt,  ScJiw.  55,  303.) 


When  lienled,  it  gives  off  water  anii  tiecomea  block -brown;  bofora  Ihc 
blowpipe  it  fuses  nt  tbc  edges  only.  With  eorbonnla  of  sodn  it  fnees  Idb 
black  Blag.  Dissolvea  in  borax,  exbibiting  the  iron  reaction,  ipJ  io 
tnicrocoeniic  eait,  with  separation  of  a  ekelelou  of  silica.  Wum  lijJrv- 
chloric  ncid  decotnposea  it  reodllj^,  with  separation  of  pnlvernlcnt  siiic*, 
wbich  docs  not  lose  the  greenislt  colour  of  the  mineral  till  it  baa  teen 
digested  with  bydrocLloric  acid  for  u  considerable  lime.  (KarBteo,  f i:^i«. 
06,  S.) 


C«0  

UgO 

iSn'O'  .. 

FeO  

wot 
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GJoM-fluxeg  contaimtiff  Ferroua  and  Ferric  Oxide. — Ferrous  oxide 
imparts  a  botllc-green  colour  to  glass.  Glass  coloured  witb  ferric  oxido  is 
blood-red  nbile  bot,  yellowish  after  cooling. 

D.  Carbide  of  SrLiciuM  and  Ikon. — Bcrzelius  (Gilb,  36,  89)  and 
Stromeyer  [Gilb.  38,  321)  obtained  this  compound  by  beating  a  raixtnn 
of  silica,  iron  aud  lamp-black  to  inteoae  wbitoncsa. — Stromeyer  obtained 
five  varieties :  a.  Platinum- coloured,  lami no-gran ulor,  superficially  crys- 
talline, brittle. — 6.  Tin -white,  having  the  testnre  of  ca«t-iron,  brittle,— 
c.  Silver-white,  compact  and  granular,  brittle. — d.  Steel-coloured,  eos- 
ceptiblc  of  polish,  as  bard  as  steel,  of  coarse  steel-like  texture,  subductile- 
— e.  Steel-coloured,  ausceptible  of  polish,  as  hard  as  ateel,  very  fini^ 
grained,  perfectly  ductile. — Tbo  densities  of  these  varieties  wore  between 
6-8  and  7-3  inclusive. — fierzeltus  obtained  an  alloy,  which,  when  dissolved 
in  hydrochloric  acid,  yielded  19  per  cent,  of  silica,  and  yet  was  malleable 
and  very  soft. 
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Acids  dissolve  the  iron  and  leave  a  black  substance  of  unaltered  form, 
which  turns  white  on  ignition  in  the  air,  and  if  then  ag^n  treated  with 
acids,  gives  up  a  fresh  portion  of  iron,  previously  enveloped  in  the  carbon. 
The  ultimate  residue  consists  of  gelatinous  silica.  (Stromeyer.) 

E.  Protovlcoride  of  Iron  and  Silichim. — FeF,SiF'. — Formed 
when  a  solution  of  iron  in  hydrofluosilicic  acid  is  left  to  evaporate  in  on 
iron  dish  and  exposed  to  the  air.  Pale  bluish-green,  regular  six-sided 
prisms,  nhicb  niay  be  derived  from  it  rhombohedron.  Easily  soluble  in 
water.  (Berzelius.) 

F.  SEsquiFLDoniDE  of  Ib'in  and  Siiicium. — Fe'F'.SSiF'. — The 
elight^j  colonred  solution  of  hydrated  ferric  oxide  in  teibydroflnftte  of 
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o.  ia  Titaniferona  Iron  from  Arendal,  only  partly  magnetic. — h.  Tit»- 
uifetouB  Iron  from  the  Spessart.  Sp,  gr.  4-7S;  magnetically  attwctiw 
in  Inmpa,  but,  in  the  ttate  of  powder,  it  is  not  eren  attracted  by  tba 
niBgnet — c.  is  Titaniferoua  Iron  from  IJddoTalla,  slightly  magiieti«; 
when  urged  by  a  strong  blaat,  it  fuses  into  a  eteel-grey  beaJ,  the  fetric 
oxide  being  reduced  to  ferroso-ferric  oxide.  Wbeo  ignited  iu  a  curtont 
of  hydrogen  gas,  it  giTcs  off  24  55  p.  c.  oiygen,  with  traces  of  fluoride  ft 
silicjum  :  tho  number  1  '87  under  i;.  iu  the  last  labto  includce  fluorine  uj 
loss,  besides  eilica. 

Oriehionite  appears  also  to  be  allied  to  Ilmenito. 

S.  Kihdelophane,  or  TUanifcTom  Iron/rom  Geutein. — Crystals  Lariu 
the  form  of  Iron-glance  and  Ihncnite;  Fiy.  151;  r*  :  r"=8C;  r'  :  f*<ar 
=94°,  Cleavage  parallel  to  p,  less  distinct  parallel  to  r.  HarduM 
between  fluorspar  and  felspar.  Sp.  gr.  4G6.  Slightly  magnetic.  (Moha.) 
It  is  remarkable  that  FeO.TiO'  and  2FeO,3TiO'  should  exhibit  the  aww 
crystalline  form.  (Kohell,  .Sdiie,  64,  245.) 
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y.  Bamnamelane,  or  the  Iran-roses  (JSUenrasen)  from  Switzerland. 
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Analyses  of  titaniferoas  iron,  which  do  not  admit  of  stoichometric 
calculation,  because  the  proportion  of  protoxide  to  sesquioxide  of  iron  in 
tliom  has  not  been  correctly  determined. 

a.  b,  e.  d.  e,  f. 

MnO 4-5     ....       1-6     ....      2-6     ....       05      ...       100     . 


FeO  +  Fe»0» 82-0    ....     79*2    ....     790    ....     85-5    ....     63*74 

T10» 12-6     ....     14-8     ....     15-9     ....     14-0     ....     3300 

APO» 0-6    ....      0-8     ....       1-0    ....  ....      2-00 
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a.  l^nifermu  Iron  from  Puy  a  Velay.  (Cordier.) 
6.  From  Tenoriffe.  (Cordier.) 

c.  From  Niedermennich.  (Cordier.)     a.  to  c,  octohedral. 

d.  From  the  sea-sand  of  the  coast  of  Finland.  Attracted  by  the  mag- 
net    Sp.gr.  4-545.  (Klaproth.) 

e.  From  the  sea-sand  at  Wamemiinde  on  the  Baltic.  Attracted  by 
ike  maffnet    Sp.  gr.  3-153  H]  (Mbhl.) 

y.  Tseriney  from  the  Vale  of  tho  Iser.  Sp.  gr.  4*545.  Some  grains 
of  this  mineral  are  strongly  magnetic;  some  sligntly,  others  not  at  all. 
(Klaproth.)    Octohedrons. 

f.  The  same.  (H.  Rose.) 
.  Menaccanite,  from  Cornwall.     Square  prisms.  (Cheneyix.) 
t.  The  same.  (Klaproth.^ 

k.  Nigrine,  from  Ohlapian.  Sp.  gr.  4*45.  Not  fusible  before  the 
blowjpipe.  Sauare  prisms,  of  a  reddish-black  colour,  translucent,  and 
exhibiting  a  blood-red  colour  at  the  edges.  (Klaproth.) 

The  octohedral  varieties  of  titaniferous  iron  should  perhaps  be  regarded 
as  magnetic  iron  ore,  Fe'O^  in  which  a  portion  of  tho  iron  is  replaced  by 
titanium.  This  view  is  supported  by  the  following  analysis,  by  Ram- 
melsberg  {Pogg,  53,  129),  of  the  so-called  magnetic  iron-ore  in  the  basalt 
of  UskoT :  for, 

4FeO,2Fc«0»,Ti02  =  8Fe  +  Ti+  120  =  9  Metal :  12  Oxygen  =  3:4. 

The  same  formula  probably  belongs  to  the  analyses  a,  h,  c.  in  the  pre- 
ceding table,  whereas  iserine  is  probably  2FeO,TiO',  which  would  require 
it  to  contain  63*63  p.  c.  ferrous  oxide  and  36*36  titanic  acid.  (Gmelin.) 
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C  "JntxAim  ov  tmrnmae  Oxidk,  or  Frbkic  TtTA^ATS. — When  &at\j 
pova^d  tiUBifcdia*  iro*  u  tot  strongly  i^ited  with  eeTerat  times  iu 
weigfctof  ^loiiileof  e^etsB,  aad  the  fiuc'd  itaaa  freed,  first  from  cblonile 
of  talavm  mad  tUoride  of  iron  bv  digestion  in  wat«r,  and  then  bum 
Ittiimft  of  lime  bj  Hroag  b7<lrochloric  scid,  titanate  of  ferric  oxide  a 
lofi  belkind,  in  tbe  fors  of  Unig,  thin,  opaque,  Don-niBenetic  needlo, 
luring'  k  duk  rted-blne  «olonr  utd  etronz  lonre.  They  diesoire  leadilj 
in  red-hot  melted  bianlphste  of  potwh.  Tanning  n  yellow  lii{uid,  which, 
nft«r  Bolidificstion,  diMolrea  perfectly  in  water.  The  ciyetals  snffer  na 
alt«ntion  by  igniiioti  in  air  or  chlorine  gas,  or  bjr  boiling  with  oil  at 
Titriot  or  itroag  hydrochloric  acid.  (Wbhler  &  Liebig,  Pogg.  21,  578.) 

D.  BiFLcoKiDE  op  TiTANiCM  with  SssQUtPLUOBiDS  OP  Iron,— The 
yellow  aqiieoua  mixtare  of  the  two  salts  yields,  by  apontaneons  evapon- 
tion,  a  yellow  ?ynip.  and  then,  by  evaporation  at  a  gentle  heat,  a  pale 
yellow,  crystalline  nias«  of  salt,  which  is  decomposed  on  being  again  d* 
solved  in  water.  (Bonelius.) 

Ikon  asd  TA»TAi.trM. 

A.  TANTAi-ros  OP  Iron. — Formed  by  igniting  tantalic  oxide  wiA 
iron  filinge  in  a  charcoal  crucible.  Imperfectly  fused  metal,  resembling 
ca8t'iron,'l)ut  not  crystalline  at  tlio  fracture.  Scratches  glass  ;  brittle,  bit 
difScult  to  break  in  pieces;  yields  a  dark  brown  powder.  Hydrochloric 
acid  slowly  extracts  the  iron  from  it,  leaving  the  tantalom  in  the  form  at 
a  grey  powder.  (Gahn,  Beneliua  &  Eggerti.) 

B.  Tantalite  of  Ferrous  Oxide,  or  Ferrous  TANXALrrE.— yimic- 
lite,  yieldhig  a  cinnamrin-eolonrtd  poisder.  Of  indeterminate  cryitalliu 
form  ;  sp.  gr,  7'6S^.  Scratches  glass;  exhibits  an  uneven,  black,  toA 
copper-coloured  fracture;  opaqne,  black,  and  possessed  of  a  higlter  metallic 
liiBtro  than  ordinary  tantalite.  Infusible  before  the  blowpipe.  With 
borax  it  fomia  a  green  glass,  with  white  particles  floating  in  it;  but  tbt 
Bolation  is  very  slow,  even  wlien  the  mineral  is  pounded  :  the  gU* 
becomes  milky  oa  couling.  In  microcosmic  salt  it  dissolvn  euilf. 
exhitiiting  the  same  colours  as  ordinary  tantalite. 
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C  Tastaiatk  op  FKRRors  Oxide,  or  Ferrocs  Tantalati— 
n.  ittJiMtV.^-Coimnftt/r— Cr_\-8t*lline  system  the  right  prismatic.  Righl 
ibaaW  priuna,  with  iho  lat«'nl  edges  tnincated,  and  nnmeroua  aoetw- 
-■'  -    *  /V-    '*   (nwirfy)   *a\  other    forma.      u:u=\Wf*^i 

y.  p.  $S  ta  fiSC     Scniehco  glaas.     Fractare  tomewial 
,  Mid   tiuperfeoilr   fauninar.      Op«qne,   vith    metallic  Imtn 
ick,  prodavioj^  a  darlt  brown  powder.    It  is  not  magnetic,  even 
t>)tioB  »ilk  rkaraoftL     Before  t^  blowpipe,  it  becomes  eomeiriiil 


oaoded  at  the  comers;  diBSolvea  slowly  in  borax,  to  which  it  imparts  a 
dackifih-green  colour;  may  bo  disiiitegrated  by  fusion  with  liydrat«  of 
potash.     Fused  with  nilre,  it  forms  a  green  mass,  from  which  wster 
Ktracts  niimgauate  and  tantalale  of  potash. 
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,  M'onobaiic. — Ordinary  Tantalite. — CryBtalline  system  the  right 
Fismatic.  liight  rhombic  prisms,  with  truncatetl  lateral  edges,  and  acu- 
Unated  with  numerous  faces,  four  of  which  belong  to  a  rhombic  octo- 
n.  «'  :  u  =  122''  54';  i  :  1  =  54''  4'.  Sp.  gr.  7-264.  (Nordenskiold, 
'^g.  50j  656.)  Fracture  uoeven,  and  eihibiting  the  meta!lio  lustro, 
^Tie  mineral  is  black  and  opaque,  and  yields  a  black-brown  powder, 
^icb  becomes  coffee -coloured  when  rabbed  \ery  fine.  lufosiblo  before 
le  blowpipe.  With  carbooate  of  soda  in  the  inner  flame,  it  often  yields 
lobnlea  of  tin,  esjieciittly  if  a  little  borax  be  added.  With  borax  it  fuaes 
(■dily^fonning  a  clear  yellow  glasf,  whicb  becomes  milk-white  by  flaming. 
b  micTocoemic  HJilt  it  disijolveB  somewhat  lees  readily,  forming  a  orownish' 
etiow  glass,  which  becomes  yellow  on  cooling,  and  acquires  a  yellowish- 
il  colour  in  the  inner  flame.  Disiutegrated  by  fusion  with  hydrate  of 
<aali.  Dissolves  in  red-hot  bisulphate  of  potash,  forming  a  reddish- 
Uow  liquid,  solidifying,  as  it  cools,  in  a  white  mass,  which,  when  dis- 
Ired  in  water,  leaves  tautoUo  acid  (together  with  etanuio  acid).  Not 
ktacked  by  acids,  even  strong  oil  of  vitriol  acting  on  it  but  slightly. 
Saba  &  Berzetiue,  Schw.  16,  259,  263  and  417.) 
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The  following  varieties  of  tanfalitc  are  mixed  with  considerable 
pmntities  of  tin-stone,  and  partly  also  of  wolfnim:  the  scsquioiides  of 
uiganese  and  iron  found  in  them  should  perhaps  he  estimated  u 
totoxides. 


n.1-.. 

uo 

a-io 

1-19     la        1-aO 

Many 

7M 

715    „     e'Gi 

IVO> 

r-87 

g-SS      „      11-08 

Tri)» 

ee-Mi     ... 

68  22      ..      66-39 

SdO* 

16-75        ,. 

826      „        8-41 

WO" 

619      „        613 

inoN  AND  Tungsten. 

A.  TirsosTJiTB  OF  Ferbods  Oxide,  or  Ferrocb  TrNosriTB.  - 
a.  JionotungttiUe. — A'lneous  numolungstatc  of  potash  yielila  with  neatni 
ferrous  salts  uUglitlirown  precipitate,  which,  when  hcatoil,  gives  off  baJfiu 
water  and  Assumes  n  diiAcr  lirowa  volou)';  is  uot  deuouiposej  by  cold 
Eulpliuric,  tiydrocUloric,  or  nitric  acid,  but  completely  at  a  boilinj,'  but, 
with  ac])aratioii  of  tuugstic  acid;  and  di^olvea  in  boiling  phosplwiu 
acid,  Iikowi«o  in  warm  oxalic  aoid,  in  wliicb  it  forms  a  yellow  Bolatiuii 
but  U  Dot  aolable  in  water.  (Anthon,  J.  pr.  Chem.  9,  343.) 
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To  this  bead  likewise  bolonge  Wolfram,  in  which,  however,  sometimM 
a  larger,  sometimea  a  smaller  proportion  of  ferroua  tungstatc  is  replaced 
by  manganoiis  tuiigalate. — Crystalline  system  the  right  prismatic;  ri^t 
rectangular  prieme,  with  the  summitB  and  lateral  edgee  truncated.  (Hauy.) 
Aooording  to  Mohs,  it  belongs  to  the  oblique  prismatic  eystem ;  u' :  «= 
98°  12'.  Sp.  gr.  71  and  7-6.  llnrdnoss  between  fluorspar  and  fcUpir. 
Opaque,  with  a  metallic  and  adamantine  lustre,  and  brownish- black 
colour ;  powder  red-brown. — In  a  charcoal  crucible  heated  in  a  bhwt- 
fumsce,  it  is  reduced,  with  loss  of  40  to  46  pet  cent.,  to  a  perfectly  united 
metallio  maes.  (Vauquelin.) — On  charcoal  before  the  blowpipe,  it  fnas 
with  tolerable  facility  into  an  iron-black,  magnetic  globnJc,  exhibiting 
oitemally  an  aggregation  of  laminar  crystalB.  With  carbonate  of  mda 
on  charcoal,  it  is  reduced  to  tungsiide  of  iron,  easily  eepamted  by  teri|V 
tion.  Dissolves  with  tolerable  facility  in  borax,  exhibiliug  the  iron  reac- 
tion, and  cosily  in  microcosmic  salt,  lonniDg  in  the  onter  flame  a  grees, 
and  in  the  inner  a  dark  red  gliuw,  which  is  opaque  even  with  a  small 
quantity  of  wolfram,  turns  green  if  fused  with  tin  for  a  short  time,  anJ 
reddish  after  a  longer  time. — Wolfram  may  be  decomposed  by  fusion  wilb 
hydrated  carbonate  or  bisit1pha.to  of  potash,  likewise  with  chloride  of 
calcium.  When  the  decomposition  is  eflected  by  hydrate  or  carbonate 
of  potash,  the  products  are  tungetate  of  potash,  which  may  be  extracted 
by  water,  and  a  residue  of  oxidized  iron  and  maganese;  bianlphate  of 
potush  yields  aolublo  salts  of  iron  and  manganese,  and  a  residue  of  tungsttc 
acid;  chloride  of  calcium  produces  soluble  chloride  of  inm  and  clUorloe  of 
Uiaui;anese,  and  insoluble  tung&tato  of  lime. — With  hot  oil  of  vitricd, 
II  fonna  an  indigo-coloured  solution,  which  loses  ila  colour  ii 
,  and  depoaita  while  flakes.   (Schaffgotech.) — Hot  hydrochloric 
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digested  witb  ponoded  wolfram,  slowly  extracts  the  oxides  of  irou  and 
maoganese,  aud  leares  the  tuDgstic  acid  in  the  form  of  a  yellow  powder. 
When  pounded  wolfram  is  digested  with  strong  hydrochloric  acid  in  clo£e 
yessels,  the  acid  dissolves,  besides  the  iron  and  manganese,  a  small  quan- 
tity of  tungstic  acid — ^which    is  precipitated  on  the  addition  of  water — 
and  leaves  a  swollen,  dirty-blue    powder,  which  turns  yelJow  in  the  air, 
and  gives  up  its  protoxide  of  iron  to  hydrochloric  acid,  and  its  tungstic 
acid  to  ammonia,  but  not  till  the  protoxide  of  iron  has  been  converted 
into   sesquioxide  by  exposure  to   the  air.    (Berzelius,  Schw,   16,  478.) 
{For  other  observations  relating  to  this  subject,  see  below:  Mar^eritte 
and  Ebelmen.1     The  mineral  is  decomposed  by  strong  aqua-regia  more 
Quickly  than  by  hydrochloric  acid;  the  small  quantity  of  tungstic  acid 
oiBsolved  in  the  liquid,  is  precipitated  together  with  iron  on  the  addition 
of  water.  (Yauquelin,  Ann.  Chim.  Fhys.  30,  194.) 

Count  Schaffgotsch.        Ebelmen.      Vaaqoelin. 
At.  a.  b,  c.  a. 

linO....  1  ....  36  ....  4-64  ....  4-74  ....  4-97  ....  4-48  ....  5*75 
FeO  ....  4  ....  140  ....  1804  ....  19*16  ....  1924  ....  1919  ....  2077 
WO*....     5    ....     600    ....     77-32  ....  ....  ....     76-20    .... 

776     ...  100-00  100-67 

a.   is  Wolfram  from  Ehrenfriedersdorf ; — h,  from  Monte  Video,  sp.  gr. 

7*544; — c.  and  d,  from  Limoges. 

Beneliiu.  Schaffgotsch. 

At.  c.  /. 

MnO 1     ....      36      ....        5-80        5*76  605 

FeO  3     ....     105      ....       16-91        17-97  17*95 

WO" 4     ....     480      ....       77-29         80-52 


621 

....     100-00 

104-52 

MnO 

FeO  

WO> 

At. 

3 

3 

5 

72      .. 
105      .. 
....      600 

9-27 

..      13-51 

77-22 

Vauquelin. 

9- 
10-86 

13-08 

777      ....     10000 


f.  1b  Wolfram  from  Cumberland ;— /.  from  Chanteloupe,  sj).  gr.  7'437;— 

g.  from  the  Departement  de  la  Haute  Vienue.  The  sesquioxides  of  iron 
and  manganese  found  by  Yauquelin  (</.  Chim,  Mid,  1,  244)  are  reckoned 
in  the  table  as  protoxides. 


At. 

From  Zimnrald. 

Schaffgotsch. 

CaO  

■■*•••                             ••< 

>•                                         ••••                                                     •••« 

0-48 

MnO 

8      .., 

108       ...       13-88 

13-28      ....       13-96 

FeO  

2      .., 

70       ....         900 

9-52       ....         9-62 

WO» 

5      .. 

600       ....       7712 

....                       ....       75-99 

778       ....     100-00  100-05 


Count  Schaffgotsch  (Fogg,  52, 475)  regards  wolfram,  not  as  tungstate  of 
ferrous  oxide  (and  manganous  oxide),  but  as  a  compound  of  tungstens  oxide 
(IV.  25)  with  ferrous  oxide  (and  manganous  oxide)  =  (FeO;  MnO )W0», 
because,  if  the  tungstic  acid  obtained  in  the  analysis  be  reckoned  as  such 
and  not  as  tungstous  oxide,  the  result  is  4  or  5  per  cent,  in  excess.  This 
excess^  however,  does  not  occur  in  all  analyses  of  wolfram;  and,  more- 
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t  a  4aik«r  eola«r.     laaolable  in  i         . 
w  phomlMnc   awl    aialie   aetd.   (Anthoa.)— By   pntijfi 
r«n«u  aalt  with  a  bat  aUnnUed  Eoladuo  of  bitnogsUte  of  am 
brick-rad  preeipitata   u   obtuned.       Dilute   hydrochloric   acid   < 
pRrtoxidc  of  ma  £rom  it,  leaving  the  liuigstic  acidj  strong  hydroehlorijj 
acid  extnetM  seeqiuoxidc  of  iron  as  well  as  protoxide,  and  imparts  a  Uo* 
colonr  to  the  eepaMted  tangatic  acid;  cold  notasli-ley  dissolves  out  th« 
tuog«t40   acid,    and   leaves   gneniBb- white    hydrate   of    ferrona    oxid& 
(EhelmMi,  Ctmpl.  rend.  17,  1198.) 


IRON  AND   MOLYBDENUM. 

B.  Carbide  of  Tunostem  and  Iron. — Tangatic  aciJ,  heated  i 
SoTge-Gio  wilh  cast'irou,  yields  a  bronnish-wkitOj  hard,  granular  oom- 
pODod.  (Dc  Luyatt.) 

C.  Ferrous  Sulphotcnqstate. — FeS,WS'. — Ferrous 
»  deep  yellow  eolation  with  aulphotungatate  of  potasaiura. 

Ferhic  SiTLpnoTrNosTATE. — Fe'S°,3WS', — Aqueous  eulphotnng- 
■tato  of  putae^aium  yields,  with  ferric  salts,  a  dark  brown,  bulky  precipi- 
bite,  which  dries  up  to  a  liver- oolou red  mass.  (Berzelius.) 

Iron  and  Moltbdencm. 

A,  MoLYBDiDK  OF  Irok. — Bluiali-grey,  hard,  brittle,  fine-grained, 
magnetic;  fusible  before  the  blowpipe,  wheu  fornied  of  equal  parts  of  tha 
'wo  metals,  bat  not  when  formed  of  2  pta.  molybJeiiam  and  1  pt,  iron. 

Uany  samples  of  pig-iron  likewise  consist  of  iron  alloyed  cbiefly  with 
tnoIyMennni;  a.  Pig-iron  from  the  upper  works  at  Bialebcu,  ohtaineU  in 
the  fusion  of  bituminous  marl-slate  in  smelting- furnaces. — a.  Fine-grained. 
'—fi.  Coarse-grained .  fHeine,  J.  pr.  Chevi.  9,  170.) — 6.  The  so-called 
Xagdoburg  meteoric  iron,  containing  slog  mixed  witli  bronze-yellow 
copper-cinder;  probably  the  pig  of  iron  from  a  copper -furnace. — a.  is  the 
wuuysis  of  a  Gae-gramed  sample,  0.  of  a  co.irsc-grained  sample,  by 
Stroineyer  (^Pogg.  28,  551); — y.  is  the  ncalyaiB  by  Welirle.  {Zeitschr.  Phys. 
».  W.  3,  1 88.)-- Pig  of  iron  found  in  the  neiglihoiirhood  of  the  j-olhe  HuUe 
in  the  Hari,  examined  by  Wiggcna.  i^Pogg.  28,  565.) — d.  Pig  of  iron 
found  undergrouud  at  Lauchstadt.  (Steinberg,  /.  pr,  Cktm.  18,  379.) 

a,  a,  a,  /3.  b,  a.  b,  (3.  b,  y.  c.  d. 


IffOiAPO*  

Jla  .„ ..-.  ....  001  ....  0-02  ....  0'12  ....  0-U 

A    fi7'91  ....  732fi  ...  r*-GO  ....  70-77  ....  73-11  ....  81-14  .. 

Co    0-67  -.,.  0-77  .-,.  3-07  ....  3-25  ....  4-16  ....  Z-40  . 

n    , 3-42  ....  4'63  ...  1-28  ....  1-15  ....  0-84  ....  trace  ,, 

Ob   a-4S      ,  179  ...  4-32      ,  3-40...  534  .  .  7-69    , 

Ac 

28'49  . 


a-:: 
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'J7'93  ....  9?-H  . ...lOO'OO  ...lOO-OO  ....  DB'90  ....  98*62 

B.  MoLYBDATE  OF  Perkic  Oxide,  or  Ferric  Molybdatb. — Hjdro- 
ufalonte  of  ferric  oxido  gives  a  brown  precipitate  with  molybdato  of 
potash.  (Schccle.) 

C.  Fehhohs  StiLPHo molybdatb. — FeS,MoS'. — Formed  in  the  pre- 
panttion  ( 1 )  of  aulpbomolybd»to  of  pntassium,  its  formation  being  duB  to 
the  iron  contained  in  the  native  sulphide  of  molybdenum.  (Iv.  57.) 
When  the  grcator  part  of  the  eulpbomolybduto  of  potassium  bos  been 
removed  from  the  iguitcd  mass  by  water,  tho  iron-comjioiind  likewise 
dissolves  and  imparts  a  deep  wine-roil  colour  to  tho  liquid.  On  evaporat- 
ing lliia  solution,  tho  iron-compound  is  precipitated  iu  iko  form  of  a  black 


I 


cliromio  acid  to  25'06  ferric  oxide,  is  not  rendered  tatbid  eitlier  by  Jiln- 
tion  willi  wnler  or  by  boiling,  and  yields,  on  evaporatioD,  a  brown 
rcbuious  mass,  soluble  in  water  and  alcohol.  (Maus,  Po^g.  9,  132.) 

D.  Carbidk  of  CnBOMirH  Amd  Ibok. — a.  Comparatively  rkk  » 
Chromittm, — 1.  A  ntistare  of  clir«iiiic  and  ferric  oxide  is  exposed  tot 
very  intenae  heat  in  a  charcoal  crucible. — 2.  One  liundred  parts  of  chroni«- 
iron  ore  arc  fuaed  in  a  charcoal  crucible,  with  70  silica  and  30  lime,  or 
witli  100  parti4  of  glass,  or  vith  40  of  borax.  These  floxes  take  np  tlu 
earths  niiied  with  the  chrome-ircn-ore,  and  form  a  slag;  the  purer  tkfl 
ore,  the  less  Sux  does  it  require;  tlie  addition  of  60  parta  of  ferric  oiida 
increaaea  the  quantity  of  chrowe-iron  in  the  proanct. — Hard,  britlle, 
cryBtalline,  whiter  than  iron  and  highly  InBtrona;  lesa  fusible,  less  mig- 
netic,  less  easily  attacked  by  acids  than  iron;  ail  these  properties  tn 
exhibited  in  a  higher  degree,  the  larger  the  proportion  of  the  chromium. 
The  compound  obtained  by  (I)  from  equal  parts  of  chromic  and  ferric 
oxides,  exhibiti  a  crystalline  fracture — contains  hollowe  filled  with  pn»- 
matic  crystals — scratches  glass  as  strongly  aa  diamond — is  whiter  th»D 
platinum — and  may  bo  ground  in  an  a^ate  mortar  Ui  a  fine  powder,  wbidi 
exhibits  the  metallic  lustre;  it  is  but  slightly  attacked  by  acids,  even  tj 
boiling  aqua-regia,  but  may  bo  oxidixed  by  fusion  with  nitre.  (Berthiar, 
Jnn.  CMin.  Phyt.  17,  55;  also  Sehvi.  43,  419;  also  Giih.  72,  247.) 

h.  CArome-tttel. — 1.  The  alloy  a.  when  fused  with  cast-ateel,  yield** 
very  hard  kind  of  steel,  which  is  easy  to  work,  and  when  treated  v-ilh 
sulphuric  acid,  exhibits  beautiful  Damuscua  Ggures  with  silver-white  mne. 
(Bcrthier.) — 2.  Three  parts  of  chromium  fused  with  100  parts  of  steel, 
yield  a  very  bard  alloy,  which,  however,  is  not  malleable  at  high  temper»- 
tiireB  as  iron.  Bv  treating  the  polished  surface  with  sulphnric  acid, or  by 
meroly  boating  the  alluy,  beautiful  Damascus  figures  are  fonncd  upon  it 
— H.  Tlio  alloy  of  1  pt  chromium  and  100  steel,  exhibits  similar  pn- 
jkrrtlcs,  but  is  somewhat  softer.  (Faraday  &  Stoddart.) 


Irom  and  Ukanicm. 

Uranidt  of  Inn  ?— \\'hen  a  mixture  of  an  iron-salt  with  a  uianium- 
Mlt  is  precipitated  by  ammonia,  and  the  precipitated  mixed  oxides  reduced 
by  bydroKen  gas  at  a  red  beat,  the  residue  [compound  or  mixture  I]  bami 
very  vividly  when  thrown  out  into  the  air  after  cooling.  (Arfvedson.) 


Iron  and  Makqaniibb. 

A.  Maxramde  of  InoN.' — Iron  by  combining  with  manganete, 
boonmefl  whiter  and  more  brittle;  when  the  proportion  of  maugsnest 
RiiKiuiits  to  83  jwr  cent.,  the  iron  ceases  to  exhibit  magnetic  properties. 
(Mu*het.) 

lIvtH'ruiiuigauate  of  potash  exhibits  no  alteration  when  mixed  with 
liydruchlorntv  of  ferric  oxide.  (FromherK.) 

4  1).  MANiiANirKnurs  Magnetic  Iron-ore. — lron-tarl}i,Eistnmuim. 
— (KcO;  MiiO)  Fc'O*.— Occurs  at  Uie  "  Alte  Burke"  mine  in  the  ncigl 
Iniiirlioiid  of  tj^iegei),  where  a  vein  of  spathic  iron  is  broken  tbrongh  ■ 
boMtll,  and  pxrlly  oonvertcd  into  magnetic  iron-ore.— Black,  pal ve 


ft^ 


rough  bT 
IvernUH 


IltOM  AND  MANGANESE. 

mana,  whicli  attaches  itacif  closely  to  anytliing  on  whlob  it  U  rabbeil,  nnA 
is  strongly  attracted  by  tlie  nmgiiet.  The  specific  gravity  was  fouiiJ  by 
csporiiiieat  to  bo  3'TS;  but  this  is  too  low.  It  may  be  coasidcreJ  as 
magnetic  iron-ore  in  which  about  half  the  forroUiS  oiiJe  is  replaced  by 
maDgaooDS  oxide,  which  is  isomorphoua  vith  it.  The  analyais  of  thrco 
Bpecimena  gave  the  following  results : 


Fe*0> 

HnO 
CoO 
CdO 


The  specim 
1.  /"Aarr 


la  (2)  and  (3)  contained  small  quantities  of  gold.  (Genth. 
66,  377.)  V 


C.  Carbide  of  Manqanbsb  a.vd  Iron. — Manganese  unites  rea'ltly 
with  steel.  The  compound  poaaesees  ^eat  malleability  at  high  tempera- 
tures, but  is  rery  brittle  when  culJ.  It  exhibits  very  plain  anil  perfectly 
black  DamasL'UH  figures.  (Bryant.) 

D.  pHOBPriATR  OP  Manqasous  Oiide  and  Fkrroub  Ostdk. — Man- 
gawito-ffrrotu  Plioiphaie. — a.  Qaadrobatic. — TripUle,  P/u>»phonnanffnn. 
—Massive,  having  a  flat  conchoidal  fracture,  and  specific  gravity  ^  3'43. 
Harder  than  fluorspar;  translucent  at  the  edges;  exhibits  a  faint  waxy 
lustre;  colour  varying  from  pitch-black  to  clove-brown;  powder  yellowish- 
grey. — When  heated,  it  gives  ofl' a  small  quantity  of  water  containing 
liyJrofluoric  acid.  Fuses  readily  on  charcoal  before  the  blowpipe,  effer- 
vescing strongly,  and  yielding  a  black,  metallic-shiain^,  strongly-magnetic 
bead,  which,  whcu  heated  with  carbonate  of  soda  in  the  inner  flame, 
yields  a  large  quantity  of  phosphide  of  iron.  With  carbonate  of  sod'i 
on  platinum,  it  yields  mineral  chameleon.  Dissolves  easily  in  borux, 
cihibiting  the  reaction  of  manganese  in  the  outer,  and  of  iron  in 
the  inner  flame.—In  microcoemic  salt  it  dissolves  still  more  readily, 
ac&roely  exhibiting  the  latter  reaction,  and  requiring  very  long-continued 
and  gradual  treatment  in  the  outer  flame  tu  make  it  exhibit  the  rcacti^m 
of  manganese.     Easily  soluble  in  hydrochloric  acid.  (Berzclius.) 
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4F.0     

2PO' 

Triplil,. 
H4-0      ,   ,      33-7i 
UO-0      .„.      32-80 
142-8      ....      83-lG 

32-60 
31-90 
32-78 

4MnO.PCH  +  4FeO,PO> 

426S      ....     100-00        ..- 

...       I0U-4H 

The  triplito  of  Limoges,  when  heated  with  oil  of  ritriol.J  etches  glass  so 
■trongly,  that  it  might  be  supposed  to  Lc  allied  to  iron-apatite.  (Omelin.) 
6.  TVi-fcojic.— a.  TripAffline.—3(LiO;  MuO;  FeO}PO',  orniorecxoctiy: 
8f  ALiO,  ^,\InO,^|FeO)PO'.  Crystalline  system  the  obli(|ue  prismatic. 
The  clcavat;c-p lanes  indicate  a,  form  like  Fi</.  85,  without/-  and  o-dwMc, 
i/ ins  132°  nearly.     Cleavage  distiDct  pam\\e\  W  i-,  Xeaa  4^"4^i\■R'c^. ^f**^"^ 


to  H  nod  I.  6p.  gr.  8-6 ;  banlnest  less  tbut  that  of  ftpfttita.  SligtillT 
tr«ii«Iucent,  with  a  toIersMy  strong  wftsylusire;  i^reenisIi-^Ky,  liloin 
iu  places;  poirdor  greyish- white.  Gives  off  a  small  qoAntity  of  waut 
who'll  heataiL  Decrcpitateji  before  the  blowpipe.  &111I  then  futea  tott 
«>taLlj  and  quietly  to  a  d&rk  Meel-c^y,  magnetic  beail.  at  ibo  same  liiM 
iinpartiDg  to  the  flame  a  pale  blaiah-greea  colour,  rvdiilab  at  iiit«rFal), 
and  after  moiBtening  with  sulphoric  acid,  a  deeper  bliie-greeD.  Wlien 
fawd  oD  platinum  with  carbonate  of  soda,  it  exhibits  a  slight  mauganeM 
reaction;  in  borax  it  dissolves  with  the  reaction  of  iron.  Gives  up  ph<M- 
plioric  acid  to  caustic  potash.  Easily  solnble  in  hydrochloric  acid  ;  the 
solution  eTai>onlcd  to  ibyness  and  boiled  with  nJcohol,  iinpartJi  b  purple- 
red  Colour  to  the  flame  of  the  alcohol,  (Fncbs,  J.  pr.  Chem.  8,  38; 
5,319.) 
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B.  TelraphvlinenTPei-omJiine.—S{UO;  MgO;MnO;FeO),PO',  ormnpe 
exactly:  3(^jLiO,^iMgO,5VMnO,if*'cO)PO>.— From  Kciti  uear  Tameb. 
— Resembloa  triphyline  in  ita  outward  aspect,  but  its  fracture  is  y>?lIo* 
when  fresh,  and  gradually  blackens  by  exposure  to  the  air.  It  likewiM 
gives  a  stronger  manganese-reaction  before  the  blowpipe.  With  carbenite 
of  Bocia  on  platinum,  it  colours  the  blowpipe-flarae  red.  With  boracic 
acid  and  iron  wire,  it  yields  phosphide  of  iron.  (Beraelius  &  Norden*- 
kiold,  Pog-j.  36,  473.) 

Tftraphytint.                 BencUo*  A  NordaikiaU. 
100-8  903         „  8-8 


MgO   

4MnO    H*0 1147 

12FeO 4200  33'*3 

ePO*  671-3  4S'48 


less 
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y.  /ron-npoft^.— 3[3(MnO;  FeO)PO']+FeF,  or  more  fully:  3MiiO, 
PO'-f-2{3FeO,PO')FeP.— The  elfavat'e-pliiues  of  the  imperfectly  crys- 
lallixed  mass  appear  to  correspond  to  a  six'sided  prism.  Sp.  gr.  3'S7. 
Hardness  equal  to  that  of  apatite.  Has  a  wasy  lustre,  and  clore-brown 
colour.  Decrepitates  before  the  blowpipe  and  fuses  readily,  with  intum- 
escence, into  a  uiotallic-shiQiug.  blniah-black,  strongly-magnetic  dohuls. 
Dissolves  easily  in  borax  and  in  micmcosmio  salt.  With  hcalea  oil  of 
vitriol,  it  gives  off  hydrofluoric  arid.  Warra  hydrochloric  acid  dissolves 
it  with  fiicility.  (Fuchs,  J.  pr.  Ch<M.  18,  49D.) 
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IRON  AND  AKSENIC. 


c.  S  atom  of  Sax  to  2  atoms  of  Acid. — a.  BelepoiiU.-~5(M.DO;FeO), 
2PO'  +  2  Aq.  J  [Docs  it  not  likewise  contiin  lithia  1]— LaminatoJ  n)aa% 
having  three  plaoes  of  cleamge,  wbicb  mdicate  a  rhombio  prium  whoso 
lateral  diliednil  angles  are  about  100^  and  SO''.  Sp.  gr.  of  tne  unaltered 
mineral  3-524 ;  of  the  same  altered  by  weathering,  3'390.  Scratches  glass 
but  not  qaartR.  Has  a  faint  waxy  lustre,  ana  a  greenish-grey  colour 
inclining  to  bluish-gre;;  the  faces  wtich  &re  exposed  to  the  air  exhibit  a 
semi-metallic  lustre  and  violet  colour.  Before  tlio  blowpipe  it  fuses  into  a 
dark  brown  globule,  having  a  semi-nietalLo  lustre.  Dissolves  iu  hydro- 
diloric  acid  with  the  exception  of  a  small  quantity  of  silica.  {Damnoy, 
Ann.  Chim.  Phys.  41,  337;  abstr.  Fogg.  17.  403.)  In  ila  primitive  stat« 
the  mineral  yields,  sometimes  a  grey,  sometimes  a  yellow  powder;  after 
weathering,  it  yields  a  violet  powder.  With  hydrochloric  acid  it  evolves 
chlorine,  and  must  therefore  contain  tree  manganic  oxide.  (Vauquelin, 
Ann.  Ckim.  Phyt.  30,  294.) 


w. 

flepos 

He. 

DuMooy. 

Vsuqneli 

ISO'O 

lOPeO 

3500 

34-57 

34-89 

P^W      33-5 

6PO»   

426'4 

4S'32 

6H0    

54-0 

533 

ao".,.., 

022 

2-5 

1012-4 

100-00        .„ 

98-85 

....      107-5 

'  B.  HwivdiU. — 5{MnO;  PeO),  2PO'  +  8Aq  1— Crystalline  system 

right  prismatic.  Fig.  99,    sometimea  with  the  (-face,    n  :  h'=62''  30'j  J 

'  m  :  B^80°.  No  cleavage-planes.  Fracture  conchoidal.  Sp.  gr.  S'370,  J 
Harder  than  calcspar,  transparent,  and  of  a  hyacinth-red  colour.  Givoi  \ 
off  wat«r  when  heated,  and  fuses  very  easily  before  the  blowpipe  to  4  1 
black  globule,   having  a  semi-metallic   lustre.    (Dufrenoy,    Ann.   Chint,  I 

i     Piys.  41,  337;  abstr.  Poffff.  17,  493.)— White  with  a  tinge  of  rose-oolonr. 

Il     (Vanquolin;  Ann.  Chim.  Phyn.  30,  294.) 

Suraulile,  Dnftvnoy.  Vauijuelin. 

IlSMnO 540-0      ,...      34-30 32*85        ....     1    ...„ 

5PeO irs'O  11-12  n-io    Fc-"o"  ;''''' 

8PO* 5712      .  .      3629 3B0O         ...        32-8 

B2HO ZB8-0         .      18-29  1800        -.        200 

1574-2      „ .     lOO'OO  ~.        99-95  ,      Z.       lOO'O 

E.  PnospBATB  OF  Frrhip  Oxide  axd  Manganic  Oxide,  or  t/lAsak-  ■ 

Xico-FEDRic  PnospiiATE. —  Wea'Jwi^d  Tripliyline  or  the  so-called  TriplU    I 

|-    ^&id«ima<».— G{Mn=0';  Fe'O')  4PO»-(-5Aq. 

^^^L  IMn'tH 80-0  ....  lO'OO  8'94 

^^^B  SFc'(P    390-0  ....  4871  48-17 

^^^H  4FU^ 2S3'6  ....  35-67  35-70 

^^^B  SHO 450  ....  5-62  630 

^^^fc  Sity ....  I'40 


....     lOOUO 


Iroh  anp  Arsenic. 

A.  Aksenide  op   Iron, — a.  Di-arstnide. — 54  pts.  (2  At.)  of  ii 
filings  ignited  in  a  closo  vessel  with   108  pts.  of  arsenic,  retain  73'44 
(nearly  1  At.)  arsenic  in  cunibinatioa.  (Gohlen.)    The  arsenide  of  iron 


J 


thus  formoH  does  not  fuse;  it  U  white,  veiy  brittle,  m>i1  tamlj  imlreriied. 
(Bcrgiuun,  Gvhlcn.) 

b.  P'oiinJ  in  the  form  of  ArKnical  Iran  or  Xnenkal  Pyritft. — Ctyi> 
tajline  syBtem  the  ri^ht  priematic.  Form,  a  right  rhomliio  pnm ; 
u:u'=122''  26';  bevelled  with  two  t/-bxm  r^ing  on  the  tvo  obtM 
iiiigloe.  CIearB(;«  parallel  tap.  Sp.gr.  7 '22.  HardneaH  tntenneiliale 
between  fluorspar  and  fcUpar.  Silver-while  inclining  to  steel-gm; 
powder  hlitckish-grey.  (Mohs.)  When  he&t«d  in  closed  Teesels,  it  view 
a  enblimate  of  arscnicr;  fuses  on  cliorcoal  before  the  blowpipe  to  a  olufc 
niagnetic  mass,  at  the  eame  time  emitting  a  Btrune  odonr  of  araenic.  Dii- 
solvee  in  nitric  acid  with  separation  of  areenious  aciJ. 

B.  Hafmann.  Th.  Sehwrcr.        Hofimu. 

AL  a,  a.  ».  a.  b,  a,  i.  (3.  c. 
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1  „  lOZ  ,,  100-00  ....  98-16  .,  100-00  -.  99-M  ...lOO-OO  ...  97-B7 

o.  is  arsenical  pyrites  from  Reichenstein, — b.  from  Fossam, — c.  from  SUd- 
mig;  in  this  last,  the  iron  is  partly  replaced  by  cobalt  and  nickel. — a,  ■. 
and  b,  a.  are  the  direct  results  of  analysis;  if  from  theijo  we  dc<luct  the 
matrix  and  sulplmr,  together  with  the  quantity  of  iron  and  arsenic 
required  to  convert  the  sulpbur  into  arsenical  pyrites,  tlie  iron  and  aneaie 
« ill  remain  in  the  proportions  calculated  in  a,  ft  and  ft,  3,  [Comp.  E.  H^- 
mann  and  Th.  ScLeerer,  Po^i/.  25,  489;  49,  536;  50,  153.) 

B.  Arsemts  up  Ferrous  Oxide,  or  Fsrroos  Arsemte. — Arsenite 

of  ammonia  forms  with  green  vitriol  a  greenish -white  precipitate  wbieli 
afterwards  becomes  yellowish;  it  dissolves  in  aqueous  ammonia  forming 
a,  greenish -yellow  solution,  but  not  in  arscnite  of  ammonia  or  other 
ammoniacal  suits.  (^Vitttjtein.) 

When  liydratcd  ferrous  oxide  precipitated  by  ammonia  and  washed 
{it  then  contains  3  parts  of  the  anhydrouB  oxide)  is  agitated  with  att 
aqne<ius  solution  of  1  pt.  arsenious  acid,  it  is  partially  diseulved.  The 
SItrato  [which  Guibourt  regards  as  ferrous  arBCniteJ  evolves  a  lugs 
quantity  of  arsenic  in  Marsh's  apparatus,  and  gives  with  sulpkuretted 
bydrogen  a  brown  colouring,  which  disappears  on  the  addition  of  hydro- 
chloric acid,  without  the  formation  of  a  yellow  precipitate  [was  there  not 
at  least  a  precipitate  of  snlphur  arising  from  the  reduction  of  the  sesqai- 
oxide  of  iron  to  protoxide  1] — The  solution  is  also  coloured  yellow  by 
ammonia,  deep  yellow  hy  cupro-sulphate  of  ammonia,  and  instantly  black 
by  tincture  of  galls.  (Guibourt.) 

C.  Arsbnite  op  Ferric  Oxide,  or  Ferric  Arsk.nite. — QuadroJtash. 
— Formed  when  acetnte  of  ferric  oiiile  is  precipitated  hy  free  arsenious 
acid  or  an  alkaline  arsenitc.  The  free  acid  precipitates  the  ferric  oxide 
completely  from  a  solution  of  tha  acetate,  hut  not  at  all  from  the  sul- 
phate, hydrochlorate,  or  nitrate.  (Bunsen.)  The  precipitate  fonned  by 
arseniate  of  ammonia  in  a  solution  of  ferric  acetate  requires  long-continued 
vatliiog  to  free  it  from  acetate  of  ammonia.  (Simon.) — 2.  The  same  salt 
isjuvdaced  hy  agitating  fiealily-^rcdviUi'ted  ferric  hydrate  with  aqueous 
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aciiL      1  part  of  arseuioits  aciil  dUsoIved  in  water  is  ci 
pletelv  precipitated  bjr  a  quantity  of  ferric  hydrate  containing  from  10  to 
12  parts  of  tbe  '!ry  oxide;  tlie  precipitation  ia  almost  complete  even  with 
a  smaller  quantity  of  the  hydrate.  (Biinaen.)     To  precipitate  1  part  of 
arseuiuitB  ocid  from  its  aqueous  solution,  8'67  parts  of  dry  ferric  oxide  ' 
the  hydrated  state  are  not  quite  suffioientj  and  10  pts.  are  more  thi 
sufficient,  (Guibonrt.) 

The  precipitate  obtained  by  the   first  method  ia  bulky,  yetlowisU- 
Itrown,  resembles  hydrated  ferric  oxidp  in  appearance,  and  dries  up  t< 
>pitch-black  maas,  which  has  a  conchoidal,   wa»y  fracture,  and  yields 
ochre-yellow  powder.  (Bun8en.)--When  heated  in  a  gloss  tube,  it  gi' 

off  water  ami  arsenioua  acid,  but  a  portion  of  aciu  always   rema 

behind  in  combiuatiun  with  the  oxide.  (Bnnsen.)  The  salt  obtained  fay 
method  (2)  leaves,  when  ignited,  67  per  cent,  of  ferric  oJtide  still  con- 
Uining  arsenic.  (Ouibourt.)  The  residual  ferric  oxide  is  free  from 
Kiwnic.  (Simon,  Por/^.  40,  442.) — The  strotiEer  acids  dissolve  the  salt, 
with  separation  of  araenious  acid.  Acetic  acid  has  no  action  on  the  salt, 
even  when  recently  precipitated.  (Bunsenj  vid.  Bunsen  and  Berthold: 
4a»  Eisvnoggdhydrat  u.  «.  vi.  Gott.  Iif34.) 


4Fe'0',A»0'+  5Aq. 


h,  Suqui-arsenile  7 — When  green  vitriol  (  ^      .         = 

then  neutralized  with  ammonia,  is  mixed  with  a  saturated  solation  of 
arBenions  acid  in  hot  soda-ley,  freed  from  the  excess  of  arsenious  acid  by 
cooling,  there  is  prudnced,  after  12  hours,  an  abundant  yellow  precipitate, 
which  increases,  if  the  supernatant  liquid,  as  it  becomes  acid,  is  again 
aeatralizcd  with  ammonia  till  it  completely  loses  its  colour, — Deep  yellow 
while  moist,  but  after  drying  it  becomes  ruby -red,  transparent,  hard,  and 
yields  a  yellow  powder.  The  salt,  after  being  dried  in  the  air,  loses  1 1  '6 
percent,  of  water  at  100°.  A  hundred  parts  of  the  salt  dried  at  100", 
give  off  at  a  red  heat  the  greater  part  of  the  arsenioua  acid,  together 
irith  a  small  quantity  of  water,  and  leave  38'82  parts  of  ferric  oxide, 
atill  containing  arseniouB  acid;  by  longer  ignition,  this  quantity  is  reduced 
to  34  16  parts,  but  even  then  the  residue  is  not  quite  free  from  arsento. 
Hvnce  the  anliydrous  salt  must  be  regarded  as  ZFe'O*,  SAsO',  and  tho 
tmit  dried  in  'the  air,  as  3Fe=0',3AEO'+7Aq.  The  salt  gives  with 
caustic  soda  a  deep  red  solution  which  is  not  rendered  tnrbid  hy  carbonic 
acid,  and  when  evaporated  leaves  a.  reddish  residue,  jierfectly  soluble  in 
wfcter.  (Guibourt,  J.  Chim.  Mid.  15,  306;  also  N.  Br.  Arch.  23,  69.) 

D.    AsaEniATE    op   Fbbrocb    Oxide,    or   FEKiiors  Abbeniate, — 
Tirbatic. — Arseuiate  of  ammonia  furms  a  white  precipitate  with  suU 
pbale  of  ferrous  oxide.  (Chenevix.) 

Chcnevix. 

3PeO  105       ....      38-32        « 

AsO* US       ....      *1'97        38 

6HO    ,.         54       ....       19-71         19 

27*     Z.   100-00      ZZ     Too' 


ftTMniate   of  ammoniAf— the  composittun  of  which,  whether  I 
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ierl)a.sic,  Iia.q  not  yet  been  doterminod — assnmos  a  dingy  green  ooloar  oo 
ex])o.siiro  to  the  air.  Wbcu  heated,  it  evolves  arsenious  acid  and  letrfli 
a  ^roy  rosiihie  containing  ferric  oxide.  It  dissolves  sparingly  in  »«" 
monia,  forming'  a  liquid  which  turns  ^reen  in  the  air.  (Berzelius.)  Tha 
aminoniacal  sohition  is  greenish-yellow,  and  docs  not  become  turbid 
on  exposure  to  the  air,  even  for  several  hours ;  the  salt  does  not  difr 
Solve  in  arseniate  of  ammonia  or  in  other  ammoniacal  salts.  (Wittsteia) 

c.  Acid  S'flt, — Iron  dissolves  in  aqueous  arsenic  acid.  (Scheele.)  If 
the  acid  acts  for  several  weeks  without  contact  of  air,  [mono  ?]  arsenate 
of  ferrous  oxide  is  <lc[>osited  in  asbestus -like  threads  united  in  spherical 
masses,  together  with  black  needier  of  metallic  arsenic.  (Fischer,  Fog'j. 
9,  262.) 

E.  Fkhuo^o-fkrrtc  Arskniatg — a.  Ciih^-ore, — Belongs  to  the  regu- 
lar system,  Fiy;.  1 ,  4,  5,  S.  Cleavage  parallel  to  the  faces  of  the  cube. 
Harder  thin  calc.si)ar.  Translucent,  with  a  glassy  lustre,  and  pistachio- 
green  colo.ir,  in'ilining  to  brownish-green;  powder  straw-yellow. — Gives 
oir  water  an«l  turns  re.l  wlicn  hoate<l;  swells  up  slightly  on  the  applica- 
tion of  a  stronger  heat,  little  or  no  arsenious  acid  sublimin:?,  and  retains 
its  red  colour.  When  fu.sod  ufK)n  charcoal,  it  gives  off  a  strong  odour  of 
arsenic,  and  fuses  into  a  motallic-grey  ma;;netic  slag,  which  dissolves  in 
borax  or  ]nicrosc(q)ic  salt,  emitting  an  arsenical  odour  anJ  exhibiting  the 
reaction  of  iron.  (Berzelius.)  Caustic  potash  extracts  arsenic  acid  from 
it,  and  separates  blaek,  anhydrous  ferroso-ferric  oxide.  Dissolves  readily 
in  hydrochloric  or  nitric  acid,  but  not  in  water. 


CuO    

FcC)     

At. 

..'. '.     1     '.'.. 

Cube-ore, 
35     ....     12-41 

Fe-03 

As05  

PO*     

no   

Matiix    

1     .... 

1     .... 

'^^'.1.1     6     !"! 

78     ....     27-66 
115     ....     40-78 

54     ".'.'.     1915 

Berxflias. 

Coniirall. 

0-60 

to       0-65 

4Q56 

„      39-20 

3800 

„      37-82 

0-70 

2-5S 

19-57 

„       18-61 

0-35 

1-76 

FcO,FeO\.\sO^  +  CA(i.  282     ....  10000         99*78      „    100*57 

Berzelius  {Ann.  Chim,  Phys.  31,  413;  Jdhresber.  4,  144;  5,  206)  supposes 
tliut  part  of  the  sesquiuxicfo  of  iron  found  in  the  analysis  is  contained  in 
tlio  cube-ore  in  the  form  of  protoxide;  he  givo3  as  the  formula  of  the 
mineral:  3FeO,AsO'-h3Fe-OV2AsO*-+- J8Aq.,  which  leads  to  the  same 
composition  per  cent. 

h.  Skorodite. — Crystalline  system  the  right  prismatic.  Right  rhombic 
and  rectangular  prisms,  accuminated  with  tho  faces  of  a  rhombic  octo- 
licilnm.  «'  :  ?*=lll''  34'.  Sp.gr.  316.  Harder  than  calcspar.  Tran^j- 
lucont,  nj>pearing  pale  blue  by  transmitted  light;  Ximh  a  vitreous  lustre, 
and  a  leek-grceu  colour  inclining  to  browu ;  powder  greeuish-whi.c. 
When  heated,  it  first  gives  olf  water  an<l  assumes  a  greyish -white  or 
yellowish  colour;  then,  on  the  a]>plicati'.u  of  a  stronger  heat,  it  turns 
black  and  yields  a  sublimate  of  arsenious  acid.  Before  the  blowpij)e,  it 
behaves  like  cube-ore.  (Berzelius.)  When  heated  out  of  contact  of  air, 
it  does  not  evolve  arsenious  acid,  unless  arsenical  pyrites  is  mixed  with 
it.  (G.  Ro.<?o.)  Gives  up  arsenic  acid  to  caustic  potash;  dissolves  readily 
in  bjrdrochloric  acid. 
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SkorodUe. 

2FcO 70  ....  10-31 

2Pe?0*   156  ....  22-98 

3AsO»    345  ....  50-81 

12HO    108  ....  15-90 

PO*    

CaO  


Berzelius. 

Eoussingault. 

Brnxil. 

Popnynn. 

31-83 

34-3 

50-78 

49-6 

15-:»5 

• 

16-9 

0-67 

PbO 

0-4 

trace 

679       ....     100-00         101-85         ...       101-2 

BoDssinganlt  (Ann,  Chim.Phys,  41,  75)  estimates  all  the  iron  in  Skorodite 
a«  sesqnioxide;  Berzelius  reckons  part  of  it  as  j)rotoxi(lo,  according  to  the 
formula  adopted  in  the  calculation  just  given:  2FeO,AsO*-|-2(FeW,A80*) 
+  12Aq. 

P.  Arseniate  op  Ferric  Oxidf,  or  Ferric  AufiENiATE. — a.  Six- 

teen-haMic. — Formed  by  boiling  6  or  c  with  excess  of  ciiustic  potash.  Brown 

Ifke   hydrated  ferric  oxide.     When   heated  to  conmicncing  redness,  it 

exhibits  a  peculiarly  vivid  incandescence).     Does  not  give  up  any  acid  to 

caoBtic  potash.     Insoluble  in  ammonia. 


Berzeliuii. 

IGFe^OS 

..       1248 

7904 

796 

AsO*  

115 

7-28 

70 

24HO    

210 

13-08 

13-4 

lGFe^03,A80«  +  24Aq... 

1579       ....     100-00 

100-0 

6.  dibasic, — By  oxidating  bibasic  ferrous  arseniate  with  boiling  nitric 
nd,  and   evaporating  or   precipitating   with   ammonia.      Insoluble   in 
sunmonia.  (Berzelius.) 

White  Iron-cinder  from  the  Fiirsft^fistollen,  near  Freiberg.  Kidney- 
ehaped,  soft,  knobby  lumps,  almost  friable,  and  of  a  light  yellow-grey 
oolonr;  they  have  a  coarse  earthy  fracture,  and  adhere  somewhat  strongly 
"•o  the  tongue.  (Freiosloben.)  This  substance,  when  heated  rather  strongly, 
^ves  off  a  large  qunntily  of  water,  containing  a  trace  of  sulphuric  acid, 
Mt  the  same  time  shrinking  togetlier,  and  assuming  a  brownish-yellow 
<Jolour.  Continued  ignition  causes  it  to  cake  together  into  a  black-brown 
•lag.   (Kerston,  Schio,  53,  176.) 

Kerslen. 

2Ffc203    156        ...       41-16         40-45 

AsO*  115        ...       30-34         30-25 

12H() 108  28-50         2850 

2Ftr03,A80^+12Aq 370       Z.     10000         ~.         9920 

c.  Sesqui-arseniate. — Tersulphato  of  ferric  oxide  yields  a  white  preci- 
pitate with  diarseniate  of  soda: 

2Fe-'Cl8+3(2NaO,A80«)  =  2Fe-0-\3AsOS+ OXaCl. 

According  to  PfafT,  the  Siime  j)recipitate  is  produce<l  by  niono-arseniate  of 
j>otnsh.  When  heated,  it  givco  otf  its  water  and  turn.s  red,  and  at  a  low 
x-cd  heat  exhibits  a  feeble  glow;  after  cooling,  it  ajipcars  more  yellowish 
^ban  it  originally  was.  (Berzelius.) 

Ati  hydrous, 

2Fr^05   156        31-15 

3AdO^    345  G8S5 

2Fe^O»,3AsO* 501         Z~       100-00 

X2 


Dinolvda  in  bjdrochlorio  And  iu  nitric  acid,  and  sepajstas  ag^in  n 
evaporation  in  the  form  of  b  white  powder.  Aqueous  ammonia  dissoIrM 
it  iinmediiit«1j  when  recently  pre>ci  pita  ted.  slowly  after  drying ;  accordiii| 
to  DoWreiner  (Scha.  26,271)  aad  Wittstein  {Repert.  63,320),  thesolatioo 
is  yellow;  but  according  to  Bersoliiu  {Sehw.  32,  1S2),  it  is  red.  Tlw 
xmnioniacal  solntion,  if  it  likewise  contains  sulphuric  acid,  deposiU,  sfUT 
ft  km  days,  a  reddish -yellow  powder  soluble  in  water.  When  evaporale'l, 
it  leaves  basic  arseaiate  of  ferric  oxido  and  ammonia  in  the  form  of  a  niby- 
eoloured,  transparent  maM,  full  of  cracks,  havio^  the  appearance  of  u 
extract,  and  no  longer  smelling:  of  ammonia.  This  mass,  when  subjectwt 
to  dry  distillation,  gives  off  a  large  ({uantity  of  ammonia  with  water,  then 
water,  nitrogen  gas,  and  a  sublimate  of  arsenious  acid,  and  leaves  greyidi'- 
green  ferrosu- ferric  arseniate.  1 1  is  soluble  in  water  Containing-  aiomoui^ 
but  is  decomposed  by  pare  water,  which  dissolves  ardeniate  of  ammuai^ 
together  with  a  ({uantity  of  nn decomposed  basic  arseniatc  of  ferric  uiidc 
and  ammonia,  and  leaves  diarseniate  of  ferric  oxide  undissolved.  (Bens- 
lius.)  The  ammoniaoal  solution  remains  clear  when  treated  with  fcrro- 
cyuide  of  potassium,  noi  giving  a  precipitate  of  prusaian  bine  till  an  adJ 
is  addod.  (1{.  Ruse.)  The  sail  is  insoluble  in  water  and  acetic  acid,  and, 
according  to  Wittstein,  in  aiaeniate  of  ammonia  and  other  amiainiacat 
aalta. 

G.  AnsKMio-eDLPHATB  OF  Fbrric  Oxide. — Pittmtt,  or  Braum  Im- 
eindtr. — St&lactitic.  Sp.  gr.  2-3  to  2-4.  Harder  than  gypearo.  Fraetort 
conchoidaJ.  Translucent,  with  s  waxy  lustre  and  brown  colour;  poicdei 
pale  yellow.  Gives  off  a  large  quantity  of  water  when  heated.  At  ■■ 
lucipient  red  heat,  it  evolves  a  considerable  quantity  of  sulphurous  aotd, 
bnt  yields  no  sublimate.  When  heated  on  charcoal,  it  shrinks  tugethtTi 
evolving  a  strong  arsenical  fum«.  (Berauliiis.)  When  gradually  heated, 
it  Grst  gives  of  pure  water,  aasuming  a  yellow  colour  and  losing  its  trans- 
parency; then  evolves  sulphuric  acid,  mixed  at  a  still  later  stage  wilk 
sulphurous  acid,  and  assumes  a  dark  red-Lrown  colour.  At  an  incipient 
T«d-heat,  it  swells  up  and  fuses  into  n  porous,  dark  red-brown  slaKi  which 
becomes  blackish  after  longer  ignition.  When  repeatedly  boiled  witk 
water,  it  ^ives  up  to  that  liquid  the  whole  of  its  sulphuric  acid,  free  froa 
ferric  oxide  and  arsenic  acid.  Dissolves  with  facility  in  warm  hydi«- 
ohlorio  acid,  less  easily  in  nitric  acid.  (Stromeyer,  UntfrsiuAwtff  da- 
MltteralkSrpfr,  244.)  Loses  20  per  cent,  at  a  low  red-heat,  45  »l  • 
higher  temperature;  dissolves  with  equal  facility  in  hydrochloric  and  is 
nitric  acid.  (Laugier,  Ann.  Chim.  Pkgs.  30,  325.) 
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■*(Pe'q>,SO')  +  2Fe'0',AsO  +  45 Aql— If  tbe  aulplurio acid,  together  with 
s  certain  quantity  of  water,  can  be  regarded  ae  an  accidental  admixture, 
the  fonunla  will  be  ;  2Fe'0',AaO'+  12Aq. 

H.  Arsekiate  of  Ferric  OxirE  and  Limk. — Ferrico-cateK  Arieniate. 
'—Arteniotiderile  from  Romancche.  Fibrous;  Bp.  gr.  3  52;  crumlilea 
between  the  fin^re.     Colour  brown iah-yellow,  becotning  darker  by  ei- 

£«ura  to  the  air.  Fuses  very  easily  before  the  blowpipe.  Contains : 
0  0-78— CuO  8-43— Fe"0'  41-31— Wn'O'  1-20— AbO'  34  25— SiO'  4-04 
.—HO  8-75  (lorn,  1-16).  (Diiftenoy,  N.  Ann.  Chxm.  Phy*.  7,  382  ;  also 
^.  pr.  CftrtM,  28,  315.)  The  aualyeia  does  cot  lead  to  any  aatisfactory 
formula. 

_[.  pESBots  SuLPHARBENrrB. — Tbe  solution  of  diBolpbarBenitti  of 
aodium  gives,  with  neutral  ferrous  salts,  a  precipitate  whicb  la  black- 
Drown  in  the  fresh  state,  and  diasolTes  in  an  excess  of  the  sodium-salt, 
lorming  a  brownjab-^ellow  solution.  The  precipitate,  when  dried,  is 
eonTerted  into  a  greyisb-hrown  miiture  of  ferric  oxide  and  ferric  sulph- 
arsenite  (K),  and  afterwards  yields  bj  diBtillation  aulphurous  acid  and 
snlpbide  of  arsenic,  while  aulpbide  of  iron  free  from  arsenic  remains 
l>ehind.  (Berzelius.) 

K.  FRitntc  SCLPiTARSENiTE. — Ferric  salts  form  with  bibaeic  aulph- 
arsenite  of  sodium — the  liquid  retaining  a  greenish  colour — an  olive-green 
precipitate,  which  dissolvea  in  excess  of  the  re-agent,  forming  a  bluck 
KilutioD.  After  drying,  it  fuses  readily,  and  Bolidifies  in  the  form  of  a 
jellowish  traneloceut  mass,  whicli,  as  before  fusion,  yields  a  greenish- 
yellow  powder.  At  a  red  heat,  it  leavea  eulpliide  of  iron  free  from  arsf  ' 
(Berielins.) 

L.  Feurovs  SrLPHASBRNiATE. — Dark  brown  precipitate,  which  soon 
Inma  black  :  it  is  produced  on  mixing  a  ferrous  salt  with  the  aqueous 
■olation  of  either  bihasic  or  terbasic  sulpharseniate  of  sodium.  It  dissolveF 
in  excess  of  the  eodinm-conipnund,  foniiiug  a  black-brown  solution.  When 
'dried  in  the  air,  it  is  resolved  into  a  yellowish-brown  mixture  of  hydrated 
*    ne  oxide  and  ferric  aulphurseniate.   (Berzelius.) 

M.  Ferric  SutPnARaENiATE.  —  Both  terbaaic  and  bibaaic  aulph- 
VTBeniatfi  of  sodium  form  dingy  greenish-grey  precipitates  with  ferrmsalta, 
Uie  former  more  alowly  than  the  latter,  and  an  excess  of  either  aoiliura-  , 
inlt  t«-diesolves  the  precipitate,  forming  a  black-brown  solution,  ilw 
precipitate,  which  docs  nut  decompose  in  drying,  fuses  very  easily,  Mtt 
£t  a  moderate  heat  gives  off  sulphur,  and  is  converted  into  a  compound  J 
oontaining  tersulpfcide  of  arsenic,  -which  is  likewise  easily  fusible. 
(Bericlius.) 

•J.  PROTo-ARSENiDE  OF  Iron  WITH  BiaL-Lpmi>B/>>'lRON-"'^'^^ 
_._._,  Min-i-^M.  Gi/ikin.  Crystalline  By.tem  ^•'J', "«'''  I'ri""^!'',"^^  ,  ?i  \ 
81  (primary  form),  44,  54,  Rud  others,  "/ "=' V,,d  ^lll^rv  )  Hi.  «  ' 
U(!^  :  u  U^^^^'  36'.      Cleavage  pnmllel  lo  «  uod  7-^  i"  h  {^l   in.1I     I 

613.     Scmewbat  aofter  than  Jg^'.^^^u  C"^         ■  CU   L 

Unifsnarw^nical  odour.     Tin-whiW,  I'OW'ii-r  omi  "    '.     ,i,„,, .  til«*iW.  ■ 

ill  .  n»k   il  firel give,  a  red  .oHiiimto  of  .ulplu'  ■  ol  "^T"' J. "'"-VT'il 
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iron.  Iloatod  on  charcoal  before  the  blowpipe,  it  emxta  a  strong  arsenical 
funic,  an<l  fuses  tu  a  p^Iobulc,  which  behaves  like  magnetic  pyrites. 
(Berzoliu.s.)  Disscjlves  in  strong  nitric  acid  or  aqua-regia,  with  separation 
of  sulphur  and  arseniou.s  acid. 

161  parts  (1  At.)  of  arsenical  iron,  placed  in  a  crucible  with  a  small 
quantity  of  borax,  and  heated  in  the  bkist-fumace,  lose  72*45  pts. — viz. 
1  At.  8ul|»hur  and  |  At.  arsenic  (16  +  56-25=72-25). — The  residue,  which 
is  crystalline,  brittle,  strongly  magnetic,  and  of  a  pale  greyish-yellow 
colour,  consists  of  FeS  and  Fe*As.  On  boiling  the  mass  with  strong 
hydrochloric  acid  as  long  as  sulphuretted  hydrogen  continues  to  go  off, 
the  Fe*A8  remains  behind  in  blackish-grey  metallic  scales  (containing 
5i)  p.  c.  iron  and  41  arsenic).  These  grains,  when  boiled  for  a  longer 
time,  give  up  half  their  iron  to  the  acid,  with  erolution  of  hydrogen  gaa, 
and  the  residue  consists  of  Fe*S  (41*9  p.  c.  iron  and  58*1  arsenic),  on 
which  the  hydrochloric  acid  has  no  furtner  effect.  4  At.  arsenical  iron 
contain  8Fe,  4  As,  8S;  2AsS'  and  1  As  are  evolved,  and  there  remains  4FeS, 
together  with  Fe*As.  The  mineral,  when  heated  to  whiteness  in  a  charcoal 
crucible  with  six  times  its  weight  of  lead,  yields  lead  free  from  iron,  bnt 
rendered  somewhat  brittle  by  the  presence  of  arsenic  and  sulphur,— 
together  with  a  dense,  granuLir,  yellowish -grey,  strongly  magnetic  mass, 
which  contains  67  p.  c.  iron,  25  arsenic,  and  8  sulphur,  and  when  boiled 
for  some  time  with  hydrochloric  acid,  leaves  Fe*As  in  the  form  of  a  black 
powder.  (Berthier,  Ann,  Chim.  Phys,  62,  113;  also  J.  pr,  Chem.  10,  13) 

Arsenical  Iron,  Chevreiil.      Stromcver.     Scheerer.        Wohler. 

At.  Cryst,    Crysf.  Frciijcrg.  Sknttenid. 

Fe 2  ....  54     ....  33-54     ....     34*94     ....     3604     ....     2662     ....     3091 

Co     ....  ....  ....  ....       8-57     ....       4*75 

As 1  ....  75     ....  40-58     ....     4342     ....     42-88     ....     46*74     ....     47-45 

S  2  ....  32     ....  19-88     ....     20-13     ....     21*08     ....     17*66     ....     17*78 


FeAs,FeS^  161     ....  10000     ....     98*49     ....  100*00     ....     99*59     ....  100  89 


Iron  and  Antimony. 

A.  Antimonide  op  Iron. — Rcgulus  Antimonii  maHialis, — 1.  The 
two  metals,  when  heated  together,  fuse  into  a  mass  with  visible  com- 
bustion. (Gehlon.^ — 2.  When  177  pts.  (1  At.)  of  grey  sulphide  of  anti- 
mony are  fused  with  more  than  81  pts.  (3  At.)  of  iron,  antimonide  of  iron 
is  obtained,  besides  sulphide  of  iron.  Hara,  brittle,  slightly  magnetic 
alloy,  having  a  density  below  the  moan  given  by  calculation.  The  alloy 
of  1  pt.  iron  and  2  pts.  antimony  gives  sparks  when  filed. 

B.  Ferrous  Antimoniate.  —  Formed  by  double  decomposition. — 
White  powder,  which  becomes  yellowish-grey  by  drying,  and,  at  a  red 
heat,  gives  off  water  and  turns  red.  It  is  slightly  soluble  in  water. — 
Similar  characters  are  exhibited  by  the  antimonite.  (Berzelius.) 

C.  Ferric  Antimoniate. — Light  yellow.  (Berzelius.) 

D.  Ferrous  Sulphantimonite. — Protosulphide  of  iron  may  be  fnscd 
in  all  proportions  with  torsulphide  of  antimony.  (Berthier.) 

The  three  following  minerals  are  provisionally  included  iiiidor  the 
n&mo  Berthier  He  or  jBTaidingfcritc;  \i,  Vio^^v^t,  ^\X&lM:Xxyr}  ^Tidenoe  of 
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a  greenish  yellow-brown  precipitate  is  obCained,  free  firom  iroo  and  eoa- 
Bisting  of  a  niixtore  of  ralphur  and  pentasolphide  of  antimon j,  containiDg 
altogether  50  per  cent  of  sulphur;  the  filtrate  contains  a  ferroos  nit 

3NmS,SbS*  +  3(FeH)*,SSO^  -  3(NaO,SO>)-i-6(FlBO,SO^-i-8b9-i-3S. 

(Rammelsberg,  Pogg.  52,  234.) 

F.  Antimonide  of  Iron  and  Potassium. — Formed  by  mixing  1  pt 
of  iron-turnings  with  Ifpt  of  pnlvoriied  antimony  and  1  pt  ol  tutar, 
and  exposing  the  mixture  in  a  covered  crucible  to  the  heat  of  a  powoM 
wind-furnace. — Brittle  alloy,  rich  in  potassium.  (Semllaa.) 

Iron  and  Tellurium. 

A.  Telluride  of  Iron. — The  compound  obtuned  by  reducing  ferrou 
tellurite  with  hydrogen  gas,  dissolves  in  hydrochloric  acid,  with  evolatioi 
of  tclluretted  hydrogen.  If  the  ferrous  tellurite  contains  excess  of  leid, 
tellurium  is  immediately  separated.  (Benelius.) 

B.  Ferrous  Tellurite. — Formed  by  double  decomposition.  Yel- 
lowish-grey flakes.  (Berzelius.) 

C.  Ferric  Tellurite. — Fine  yellow-coloured  flakes.  (Benelius.) 

D.  Ferrous  Telluratb.  —  White  precipitate,  which,  on  exposure 
to  the  air,  soon  turns  greenish-grey,  and  afterwards  mst-colonred. 
(Berzelius.) 

E.  Ferric  Telluratb.— Pale  yellow  flakes,  soluble  in  excess  of  the 
ferric  salt.  (Berzelius.) 

F.  Ferrous  Sulphotelluritb. — Black  precipitate. 

G.  Ferric  Sulphotelluritb. — Dark  brown  flakes,  which  cake  to- 
gether into  an  easily  fusible  mass.  This  mass,  when  heated  in  a  retort, 
gives  off  a  large  quantity  of  sulphur,  and  leaves  a  grey  residue  which 
exhibits  the  metallic  lustre.  (Berzelius.) 

Iron  and  Bismuth. 

A.  BisMUTiiiDE  OF  Iron. — Brittle  alloy,  which,  even  when  it  contaiDS 
only  a  fourth  part  of  iron,  is  attracted  by  the  magnet  (Henkel),  and 
exhibits  a  decrease  of  density.  (Gellert.) — Marx  (Schw.  58,  471)  did  not 
succeed  in  forming  an  alloy  of  these  two  metals. 

B.  Bismuthidb  of  Iron  and  PoTASSiUM.^-Analogona  to  the  anti- 
monide. 


Iron  and  Zinc. 

A.  Alloy  of  Iron  and  Zinc. — Combination  takes  place  with  diffi- 
culty.— When  cuttings  of  zinc  and  iron  are  ignited  together,  part  of  the 
g'mc  evapontea,  according  to  Gehlen,  while  the  rest  penotntes  the  iroo 


Dd  makes  it  ileuser  and  very  Lrittle. — 2.  Iron-filings  ignited  witli  rinc- 
«ide,  but  witbout  charcoal  and  under  a,  layer  of  pounded  glass,  take  up 
lulerably  large  qusintity  of  jtinc.  (HoUunder.) — ^A  veesel  of  eitber 
'Twaght  or  cast-iron  in  which  zinc  is  conliDUOUsly  melted,  becomes  cor- 
ded by  the  formation  of  an  alloy  of  zinc  and  iron.  (Hollunder,  Sclm. 
I,  41,  and!  66;  ^eiihler,  Ann.  Ckim.Phyg.  44,  IIS;  Eisner, ./.  pr.  C'Ann. 
I,  303. )^4.  In  the  linking  of  irou-plato  by  imraeraingit  in  melted  zinc, 
itb  ^qnent  additton  of  sal-ammoniac,  an  alloy  of  Einc  and  iron  ia 

Butted  at  tbe  bottom  of  the  fused  line,  in  the  form  of  a  doughy  masa, 
oh  is  taken  out  from  time  to  time.  (&ertbier,  Pogg.  52,  340.) 

^^  The  alloy  k  formed  by  (3)  in  cast-iron  ia  whiter  than  einc,  and  so 
Boh  the  more  brittle  and  oxiduble  as  it  contains  a  larger  quantity  of 
At  a  very  high  temperature,  the  wliole  of  the  iiinc  is  evolved.  (Hol- 
Bider.) — It  consists  of  warty  plates,  easily  detached  from  the  sides  of 
te  vessel,  having  a  crystalline,  shining  fracture,  very  hard  and  brittle, 
|d  less  fusible  than  zinc;  it  gives  off  its  stino  by  distillation,  and  di»- 
jves  in  nitric  acid,  only  the  graphite  of  the  cast  iron  being  left  nndis- 
Ived.  (Berthier.) — It  has  a  density  of  67,  a  finegrained  fractore  and 
D-while  colour.  (Eisner.) — The  alloy  (4)  has  the  outward  appearance  of 
nc  and  is  not  magnetic,  but  harder  and  very  crystalline.  (Berthier.) — 
lie  alloy  of  zinc  and  iron  formed  in  a  wrought  iron  vessel  in  the  process 

if  linking  iron-plates  (3,0)  is  so  brittle,  that  it  may  be  rabhed  into  crystal- 

Sne  grains  with  the  fingers;  it  has  the  colour  of  zinc,  and  is  very  easily 

loluble  in  acetic  acid  even  when  cold.  (Berthier.) 


Berthier.  Eisner. 


Berthlrr. 
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.  Fkbrio  Oxide  with  Zinc-oxide.  —  Franilimte. — (ZnO;FeO), 
IId'C;  Fe'O').— IsomorpboQS  with  spinelle,  &c.  Fig.  2  and  i.  Sp.  gr. 
1*09.  Scratches  apntile.  Opaque,  and  of  an  iron-black  colour;  powder 
•d'Lrown;  magnetic,  especially  after  ignition.  Held  between  the  pla- 
tiiinm  furoeps  in  the  outer  blowpipe  flame,  it  shines  with  a  white  light, 
ittended  with  emission  of  sparks  and  the  formation  of  minnt«  blisters  on 
_e  surface,  which  may  be  seen  with  a  lens.  On  charcoal,  by  continued 
rinwing,  it  is  reduced  to  a  black  slag,  with  formation  of  a  sine-deposit. 
Vitb  carbonate  of  soda  on  platinum,  it  eihibits  the  re-action  of  man- 
e.  Dissolves  in  borax,  forming  a  red  glass  which  turns  brown  on 
eoling.  In  mierocosmic  salt,  it  dissolves  less  readily  and  with  strung 
iBtumeiicence,  forming  a  yellowish -grey  elass  which  easily  assumes  a 
Till ky  appearance.  Dissolves  with  difficulty  in  sulphuric  or  nitric  acid; 
aily  in  hydrochloric  acid,  with  copious  evolution  of  chlorine.  (Abicb, 
_  Bffg.  23,  324.)  The  hydrochloric  acid  solution  contains  sesquioxide  of 
Iron  with  only  a  trace  of  protoxide.  Tbe  evolution  of  chlorine  is  remark- 
able, and,  as  Kobcll  observes,  is  not  coneistent  with  the  results  of  Abich'a 
inalysis;  but  tbe  calcniation  given  by  Kobell  {ScAii'.  64,  430)  for  remov- 
ng  this  difliculty  (see  the  following  table)  ix  unsatixbctory  :  for  the  13 

r  cent,  of  sesquioside  of  manganese  therein   nsanmed  could  only 
J  r382  p,  c.  oxygen;  but  tbe  18-37  p.  c,  of  proto:iide  of  i 
IMumed  requires  2090  p.  o.  oxygen, — bu  that  there  »  lioH.  liMiis. « 


mly  give 
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oxygen  to  convert  all  the  protoxide  into  sesqnioxide,  to  say  nothing  of 
the  quantity  which  would  he  required  to  liberate  chlorine  from  the 
hydrochloric  acid. — Might  not  another  formula  be  assigned  to  Franklinite 
—perhaps  (ZuO;FeO),2(Mn»0';  Fe'^O')? 

Franklinite,  Abich.  Berthier.  Kobell. 

Calculation. 

ZnO 10-81  ....  17  ....          702 

Mno ....  ....  ....  6*22 

FcO  21-34  ....  ....  18-37 

Fn20»   18-17  ....  16  ....  i;V82 

F^O»    47-52  ....  66  ....  54-57 

AI'v.# ....  V  / «)       ....  •«.. 

SiO* 0-40     .... 

MgO.CdO ....  trace     .... 

98-97     ....         99         Z       10000 

C.  Carbide  of  Iron  and  Zinc. — Formed  by  adding  zinc  to  melted 
steel  by  small  portions  at  a  time,  because  larger  quantities  would  produce 
explosion.  The  addition  of  -^  part  of  zinc  renders  steel  brittle.  When 
the  steel  is  forged^  part  of  the  zinc  burns  away.  (Br6ant.) 

D.  Sulphate  of  Ferrous  Oxide  and  Zinc<oxide. — A  mixture  of 
ferrous  sulphate  and  zinc-sulphate  takes  the  crystalline  shape  of  the  for- 
mer, if  the  quantity  of  that  substance  amounts  to  at  least  1 5  per  cent,  of 
the  whole;  but  if  the  quantity  of  ferrous  sulphate  be  smaller,  the  mixed 
salt  takes  the  form  of  zinc-sulphate. 

E.  Sulphate  of  Ferrous  Oxide,  Zinc-oxide,  and  Ammonia. — 
The  mixed  solution  of  ferroso-ammonic  sulphate  and  zinco-ammonic  sul- 
phate yields  pale  green  crystals  which  have  the  form  of  magnesio- 
ammonic  sulphate,  and  assume  a  yellowish  colour  on  exposure  to  the  air. 
(Bette,  Ann.  Fharm.  14,  286.) 

Bette. 

2NH»    34-0        ....  8-60        ....  812 

ZnO 40-2        ....  10-17        ....  9-10 

FeO  350        ....  8-86        ....  1035 

4S0» 1600        ....  40-49        ....  40-03 

14HO  1260        ....  31-88        ....  32  40 

395-2  100-00  10000 


Iron  and  Tin. 

A.  Allot  of  Iron  and  Tin. — ^When  these  two  metals  are  heated  to 
redness  together,  there  is  formed :  a.  An  alloy  of  22  pts.  tin  and  1  iron, 
somewhat  harder  than  tin,  and  magnetic;  and  below  it :  6.  A  compound  of 
2  pts.  iron  and  1  pt.  tin,  which  is  white,  very  hard,  slightly  malleable,  and 
difficult  of  fusion.  (Bergman.) — Tinned  Iron-plate. — In  the  daily  distilla- 
tion of  the  silvering  of  mirrors  in  a  cast-iron  retort  for  the  purpose  of 
regaining  the  mercury,  an  alloy  of  tin  and  iron  is  formed,  amounting  to 
between  1  and  2  per  cent,  of  the  tin  obtained :  when  the  tin  is  poured  out  of 
the  retort,  this  alloy  partly  floats  upon  it  in  scales,  and  is  partly  depo£>ited 
at  the  bottom  in  the  form  of  a  doughy  mass.  It  may  be  freed  from  the  pure 
"'>  which  adheres  to  it,  either  by  boiling  with  hydrochloric  acid,  which 
folvee  the  latter^  or  by  irealing  \l  'wilu  mtuQ  acid,  by  which  the  free 
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tin  is  oxidized  while  the  alloy  is  not  attacked.     When  thas  purified,  it 

has  the  form  of  shining  square  needles,  of  specific  gravity  8*733,  hrittle, 

and  fusing  at  an  incipient  white  heat.     The  powder  of  this  compound, 

when  thrown  into  the  flame  of  a  candle,  hums  with  emission  of  sparks 

and  a  white  smoke.     It  does  not  rust  in  the  air,  when  moistened  with 

water.     It  is  not  attacked  hy  nitric  acid  at  any  temperature  or  any 

degree  of  concentration;  it  dissolves  slowly  in  hoiung  hydrochloric  acia; 

but   rapidly  and   completely,   and  with   violent  action^  in   aqna-regia. 

(Lassaigne,  J.  Chim.  MH.  6,  609.) 

Lassaigne. 

3Fe 81         ....        57*86         ....         57*9 

Sn  59         ....         42-14         ....         42*1 

Fe'Sn  140        ....       10000        ....       100*0 

B.  Carbide  of  Tin  and  Iron. — Tin  impairs  the  qnality  of  steel. 
(Faraday  &  Stodart.) 


Iron  and  Lead. 

Alloy. — The  two  metals  unite  with  difficulty  when  fused  together, 
formiug  two  alloys,  arranged  one  above  the  other,  the  lower  containing 
but  very  little  iron,  and  the  upper  but  a  very  small  quantity  of  lead. 
(Morveau.) — By  reducing  a  slag  containing  lead  and  iron  in  a  crucible 
lined  with  charcoal,  Biewend  {J,  pr,  Chem,  23,  252)  obtained  a  well-fused 
alloy,  which  was  hard,  almost  perfectly  brittle,  lustrous,  and  magnetic : 
it  had  a  light  steel-grey  colour,  a  fine-grained  laminar  fracture,  and 
contained  96*76  per  cent,  of  iron  and  3*24  of  lead. 


Other  Compounds  of  Iron. 

With  Cobalt,    Nickel,  Copper,    Mercury,  Silver^  Gold,    Platinum, 
Palladium,  Rhodium,  and  Osmium. 
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SvNONTMES.     KobaU,  KobolJ,  Cobaltum. 

History. — Many  nntique  lilua  claes-fluKes  (most  of  tbem  are  coloored 
with  oxide  of  copjHtr)  contain  osiuo  of  cobalt.  Vid.  Fourier  {An7t.  Chin. 
Phy*.  79,  378).  Cobalt  is  likewiee  found  in  the  colours  of  the  aocioot 
Oreeka.  (Landerer,  Reptrt.  73,  380.)  From  the  sixteenth  century,  ores 
of  cobalt  haTe  been  used  for  the  preparatiou  of  Binalt.  Brandt,  in  1733, 
first  extracted  the  metal  from  its  ores,  though  in  an  impure  etAt«. 

Sourres. — Cobalt  is  not  very  abundftnt;  it  occurs  in  meteoric-iron;  as 
sulphate  of  the  protoxide;  as  arseniate  of  the  protoxide  {Cobalt-ilofmi); 
as  a  compound  of  peroxide  of  manganese  n-ith  protoxide  of  cobalt  (Blade 
Sarlhy  Cobalt);  as  arsenide  of  cobalt  {Tin-ahiU  eobaU  or  SmalliTu);  oa 
lulpharsenidc  of  cobalt  [Cobaii-fflance).     Moreover,   it  occnrs  in  veiy 


.  in  Seleniile  of  Lea<I,  in  Cerife 
Flemish  coal.  (Kuhlmann,  Ann. 


lall  quantities  in  other  minerals,  «.  j 
(Bersehus,  Jahreiber.  15,  214),  and  in 
Fharm.  38,  45.) 

Freparalion. — Principally  from  Tin-white  cobalt  and  Cobalt-glance, 
and  the  impure  arEcniate  obtained  by  roasting  theeo  ores.  The  roasted 
product  generally  also  contains  bismuth,  tin,  copper,  manganese,  nickel, 
and  iron  in  the  elate  of  oxides;  when  prepared  on  the  large  scale,  it  is 
mixed  with  twice  its  weight  of  qnart^-snnd,  and  put  into  casks,  and  JQ 
that  state  is  sent  into  the  market  under  the  name  of  Zafra,  Zafftr.  ur 
Safior.  The  Cobalt-glance  and  Tin-white  cobalt  are  Dsnally  dissolved  in 
nitric  acid,  or  in  dilate  sulphuric  or  hydrochloric  acid  to  which  a  little 
nitric  acid  ha«  been  added;  the  thoroughly  roasted  ore  (which,  however,  ia 
more  difficult  to  dissolve  than  before  roasting)  and  Earthy  cobalt  do  not 
require  the  addition  of  nitric  acid. 

1.  The  rtiasted  cobalt-ore  is  dissolved  in  nitric  acid;  the  filtered 
enlutiun  ovtiporated  nearly  to  drynese,  wlioreupun  a  largo  quantitv  of 
eenarates  out;  the  liquid  largely  diluted,  separated  UvA 
ciu,  and  treated  'nitti  anlphuretted  hydrogen  as  loo^ 


the  arseDJuuB 


"s^a 
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Musenie,  copper,  atiil  biamntb  (together  with  tin)  continne 
to  be  precipitated.  Tlie  aolution  is  then  Altered,  nnd  heated  till  the 
excess  of  811  Iphu retted  hydrogen  ia  expelled  Aud  the  protoxide  uf  irun 
converted  into  scsquiuxido;  and  carbouate  of  aoda  is  added  in  excess, 
while  the  liquid  is  hot,  to  precipitate  the  nickel  and  cobalt  in  the  fnriii  of 
caibonatea,  and  the  iron  in  the  form  of  aesquioxide.  The  precipitate  ia 
then  well  washed  and  digested  with  excess  of  aqueous  oxalic  auidj  the 
soluble  ferric  oxalate  separated  by  filtratioD  from  the  oxalates  of  nickel 
wid  cobalt,  which  are  insoluble  even  in  excess  of  oxalic  acid,  and  the 
latter  salts  triturated  with  dilute  ammooia  (it  should  be  strong  ammonia 
according  to  Stromeyer)  and  diasolved  in  excess  of  the  ammonia,  by 
aeitatioQ  and  gentle  heating  in  a  close  vessel.  The  filtered  solution, 
ajter  exposure  to  the  air  for  several  days,  deposits  the  oxide  of  nickel  in 
combination  with  oxalic  acid  and  a  small  quantity  of  ammonia,  while 
pure  oxalate  of  cobalt  remains  in  solution,  (The  oxalate  of  nickel  sepa- 
rated as  above  may  be  freed  from  the  small  quantity  of  cobalt-salt  which 
falls  down  with  it,  by  washing  with  water,  re^isaolving  in  ammonia, 
exposing  the  liquid  to  the  air,  aud  separating  the  solution  which  contains 
the  cobalt  from  the  nick  el -precipitate,  the  purity  of  ivbich  increaAe^  at 
each  repetition  of  the  process.)  The  residue  obtained  by  evaporating 
the  ammoniocal  soliitlou  uf  the  oxalate,  yields  eesquioxide  of  cobalt  when 
wuited  in  the  air,  and  metallic  cobalt  if  ignited  out  of  contact  of  air. 
(Xaugier.)  The  liquid,  after  precipitation  by  sulphuretted  hydrogen, 
Biay  also,  after  aufficieut  boiling,  bo  diluted  with  a  large  quantity  of 
'Water  and  gradually  mixed  with  carbonate  of  soda  (Stromeyer  s  prooe^^i), 
atirring  all  the  while,  till  the  precipitate  is  no  longer  red-brown,  but 
Permanently  red";  if  the  proportion  be  rightly  adjusted,  the  whole  of  the 
.  ferrio  oxidij  is  precipitated,  and  the  protoxides  of  nickel  a^nd  cobalt  remiiu 
in  the  solution,  from  which  they  may  be  precipitated  by  boiling  with 
excess  of  carbouate  of  soda,  and  treats  with  oxalic  acid,  according  to 
Laugier's  method. 

3.  Unroasted  cobalt-ore  is  dissolved  in  nitric  acid;  the  aolutiou 
eraporated  to  dryness;  the  residue  dissolved  in  water;  carbonate  of  soda 
added  with  constant  agitation  to  the  diluted  filtrate,  till  the  cobalt  begins 
to  fall  down  together  with  the  other  metals  (this  will  be  indicated  by  the 
red  colour  of  the  precipitate);  the  liijuid  61tered  from  the  arseniate  of 
ferrio  oxide;  and  a  hot  saturated  solution  of  acid  oxalate  of  potash  add-jd 
to  it.  The  whole  of  the  cobalt  is  thereby  precipitated  in  a  few  hours,  in 
the  form  of  oxalate,  while  all  the  iron  and  arwenic,  and  the  greater  p.irt 
of  the  nickel,  remain  in  solution.  Should  the  precipitate  likewise  contain 
uveniate  of  cobalt-oxide,  the  latter  may  be  removed  by  dilute  nitric  a'.-id, 
in  which  the  acid  oxalate  is  not  soluble.  The  oxalate  may  he  freed  from 
nickel  bv  Laugiet's  process  (I);  since,  however,  the  quantity  of  nickel  is 
but  small,  it  may  likewise  be  extracted  by  digestiug  the  precipitate  in  a 
■mall  quantity  of  hot  aqueous  ammonia  which  dissolves  the  nickcl-oxalate 
in  preference  to  the  cobalt-oxalate,  and  forms  a  blue  solution.  (Quesuo- 
*ille,  J.  Pharm.  15,  291,  and  441.)  The  filtrate,  after  being  mixed  with 
the  acid  oxalate  of  potash,  should  be   boiled  in  order  that  the  cob:ilt~ 

f  *  A  modification  of  tbis  methad,  which  consiiti  in  miiing  the  cobalt  lolution 
with  fcklinoui  bjJrmte  uf  cobalt  oiidc,  or  porlinlly  precipitating  il  wilb  carbonate  of 
pi>tuh  or  Kda,  ami  Ihen  builing  for  tooif,  linie — nlieieby  (he  iron  ii  mmplcleiy  jiri^ijii- 
bled,  aiul  the  •'ubalt  Ukei  its  fUce  in  llie  aululian— ia  recoaiuiEn>l<:J  by  I^iuyet  {Imlil. 
18)9,  IfOS).— The  lams  mecliotl  hu  long  been  uied  for  the  w^iuatiDn  of  mBngnime 
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oxakle  may  settli*  down  more  qalcklj;  the  prccipitale  U  eontatnlnateil 
tvitli  n  kuiall  quniitityofcupric  oxalate,  wbirh,  after  inanition  ninl  enlution 
ill  hydrochloric  acid,  may  bo  rrtuovcd  by  eulpliurettea  hydrogen.  (Hes», 
Monff.  20,  312.) 

;i.  The  nitric  Mid  Bolutiou  of  the  rouatwl  ore.  after  being  filtered  and 
diluted  with  a  giropcr  nuantity  of  water,  i«  aalurnted  with  liydrosalphnric 
atiid — filtered  a^iiin — huileid — precipitnteil  by  carbonate  of  potash- 
filtered  from  eee<iuiuxlde  of  iron,  and  dilated  with  water;  a  smaU  iiiuotily 
of  Eai-ainaionino  is  now  added,  lUen  potash,  and  the  litjuid  is  bulled  till  a 
filtered  sample  no  longer  gives  a  precipitate  with  potash.  The  lod 
coliait-Eoliition  ia  then  filtered  off,  and  yields  seequioxlde  of  cob.-Ut  oo 
evaporation.  (WitUtcin,  JleptH.  57,  228.) 

i.  To  aToid  the  tedious  passing  of  sulphuretted  liydrogeu  through  Uie 
liuuid,  the  arsenic  acid  may  be  precipitated  bv  first  mixing  the  dilute 
BolutioD  with  a  ferric  salt,  and  tlien  adding  carbonate  of  pfitasb  in  small 
Bucccssire  portions  and  with  constant  agitation,  as  lung  as  the  precipitate 
continues  to  eihihitawhile  or  hrownieh  colour  (arseniate  of  ferric  oxida); 
till,  in  short,  a  filtered  sample  of  tbe  liquid  givee  a  reddish  precipitate 
with  a  small  quantity  of  carbonate  of  potash.  If  tba  quantity  o!  ferric 
oxiile  be  eufficicut,  and  the  proportion  of  carbonate  of  potash  rightly 
niijiiated,  the  whole  of  tbe  arsenic  acid  and  ferric  oxJde  may  be  precipi- 
tated. If  the  copper  and  bismuth  be  then  removed  by  hulpburetied 
hydrogen,  it  only  remains  to  separate  the  nickel  from  the  cobalt.  (Ber^ 
tliier.) 

5.  Finely  ponnded  cobalt-ore  is  carefully  roasted,  and  1  pt.  of  it 
added  in  successive  small  portions  to  i)  pts.  of  hisulphatc  uf  potaab 
heated  to  the  melting  point  in  au  earthen  or  cast-iron  crucible,  Th» 
mass,  which  is  thereby  rendered  pasty,  is  then  more  strongly  heated  till 
it  fuHcs  quietly  and  no  longer  giTee  off  fumes  uf  sulpbaric  acid,  as  It  is 
necessary  to  drive  away  the  excess  of  that  acid.  The  mass,  while  yet 
iicjuid,  is  then  taken  out  of  the  crucible  with  an  iron  spoon — broken  to 
pieces  after  cooling — dissolve<l  in  boiling  water,  and  filtereil  froui  the 
arseniales  of  ferric  oside  and  cob alt-u tide,  which  are  not  soluble  in  a 
neutral  liquid.  Sulphurette'l  hydrogen  ia  then  passed  through  the  filtnUe 
to  throw  down  any  antimonv,  bismuth,  or  copper  that  may  bo  present— 
the  liquid  again  filtcrc<l,  and  pure  carbonate  of  cobalt-oxide  prccipiteW 
Ly  carbonate  of  potash.  To  prevent  the  formation  of  arseniate  uf  cobalt- 
oxide,  the  roasted  cohalt-ore.  befuro  fusiou  with  sulphate  of  polash,  may 
be  mixed  with  a  small  quantity  uf  green  vitriirl,  so  that  the  arscuio  acid 
may  combine  ivith  the  oxide  of  iron  CDUt:iiued  iu  that  aalt  in  preferenos 
to  the  oxide  of  cubalt.  No  nickel  ie  titken  up  by  the  liquid,  because  the 
ni  civ  el -sulphate  is  decouipo^d  ut  a  red  boat  [not  su,  however,  tba 
sulphate  of  nickel  oxide  and  potash,  unless  the  beat  applied  ia  Tery 
strong].  The  solution  retains  but  a  tiuce  of  iron  at  the  utmost.  (Liebig, 
rogg.  IS,  164.) 

6.  One  part  of  pulverized  Tin-white  cobalt  or  Cobalt-glanoo  is  fused 
in  a  covered  earthen  crucible  with  3  pl«.  of  carbonate  of  pntssb  and 
3  pts.  of  sulphur,  at  su  gentle  a  beat  that  the  sulphide  of  cobalt  does  not 
fuse,  but  remains  in  the  form  of  a  crystalline  powder  (if  it  fnscs  it 
becumea  more  difficult  to  wash').  It  is  then  freed  from  salpbarseniate  uf 
potassium  by  repealed  exlmiistiun  with  water  and  decantation;  again 
treated  with  carbonate  of  potash  and  sulphur,  and  then  with  water  to 
lemuvo  the  rest  of  tho  arsenic;  afterwards  dissolved  in  uitric  aoid  ut  y' 
dilate  sulphuric  acid  mixed  with  nitric;  and  tbe  eolulion  preoiin 


with  carbonate  of  soda.  (Woliler,  Popg.  6,  227.)  According  to  Hermb- 
stailt  (Sehtv.  31,  105),  tbe  preater  part  of  the  nrsenjc  may  likewise  bo 
removed  by  dctlu)(niting  tbe  cobaJt-glance  witb  3  [its.  of  nitre,  and 
exhuDatinj^  tlie  fused  mass  with  hot  water.  The  remainder  is  then  to  be 
dissulvcJ  in  hot  nitric  acid,  whereupon,  a  small  quantity  of  ferric  uside 
remaius  undlaaolved — the  copper  precipitatpd  by  iron — tbe  liijuid  super- 
aaturated  with  carbonate  of  ammonia — iiltered  from  the  iron  precinitate — • 
floncentratcd  by  evuporation,  during  which  process  a  conBiderable  ijnan- 
tity  of  iron  is  precipitated — then  again  filtered,  and  evaporated  to  perfect 
iiyaees,  and  the  reaiduc  ignited. 

7-  To  obtain  cobalt  from  the  bla^'k  earthy  cobalt-ore.  tbe  mineral  is 
ifBotolved  in  hydrochloric  acid;  the  arsenic,  antimony,  lead,  and  copper 
Jireci  pita  ted  by  ealpburetted  hydrogen;  the  filtrate  boiled  with  nitric  aoid 
io  promote  the  further  oxidation  of  the  iron;  the  iron  precipitated  by 
Kijling  with  acetate  of  soda;  and  the  cobalt  separated  from  the  filtrate  by 
nlukuretted  hydrogen,  which  leaves  the  acetate  of  maugannuH  oside 
mil GCOD) posed  The  precipitate  is  perfectly  free  from  nickel,  but  contains 
^  trace  of  zinc.  Tlie  liiju id,  freed  from  arsenic  and  copper  by  sulphuretted 
fcydrogen,  may  likewise  be  precipitated  by  sulphide  of  potaaeium  or 
Wiphide  of  barium,  and  the  washed  precipitite  treated  with  cold,  dilute 
hydrochloric  acid,  which  dissolves  the  Bulpbiilos  of  manganese,  sine,  and 
iron,  and  leaves  all  the  sulphide  of  cobalt  undissolved.  (Wackenroder, 
"  Br.  Arch.  16,  133.) 


Special  model  of  Kparaiionfn 
.  From  A'ickel. — 1.  By  oialic  ac 
liaagier's  method  1.  (p.  317.)— 2.  The 
Bxcesi  of  acid  is  supersaturated 


n  particular  metals: 
1  and  ammonia  according  to 
Golutiun  of  the  two  oxides  in 
,  diluted  with  a  large 


jntic  potaeb,  which  precipitates  the 
#xide  of  nickel;  ou  evaporating  the  filtrate,  the  cobalt  separates  in  the 
&>rin  of  sesquioiLide.  (Phillips.) — If  the  water  has  not  been  sntiiciently 
freed  from  air  by  boiling,  or  if  the  liauid,  after  ihe  addition  of  potash,  la 
■ot  kept  in  a  closed  vessel,  sesquioxiae  of  cobalt  is  precipitated  tui^tber 
iritb  the  oxide  of  nickel.  (Beraelins.) — 3,  The  nitric  or  hydrochloric  acid 
solution  of  the  two  oxides  is  mined  witb  a  quantity  of  metaphospborio 
Scid  satficlent  to  saturate  them,  and  ammonia  added  till  the  precipitate  at 
'first  produced  is  re-dissolved,  after  which  the  mixture  is  exposed  to  tbe 
for  a  considerable  time.  (Persoz,  Ann.  CJiim.  Phyi.  56,  333;  alao 
JPoffg.  33,  346) — 4.  Since  cyanide  of  nickel  and  potassium  is  decomposed 

Ky  aaids,  and  cyauide  of  cobalt  and  potassium  is  not,  the  separation  may 
e  effected  by  adding  cyanide  of  potassium  to  the  acidulated  solution  of  tbe 
two  metals,  till  the  precipitate  rediasolvcs,  heating  gently  to  induce  the 
fermfttiuii  of  sesquicyanide  of  cobalt  and  potassium,  mixing  the  liquid, 
after  cooling,  witb  dilute  sulphuric  acid,  and  filtering.  The  filtrate 
watuns  pure  cobalt  in  the  form  of  cyanide  of  cobalt  and  potassium ;  it  ia 
nixed  wiih  nitre,  evaporated  and  ignited,  and  the  residue  exhausted  witb 
yai^r,  which  loaves  the  cobalt  in  the  furm  of  sesqoioxide.  The  precipi- 
a  on  the  filter  consists  of  sesquicyanide  of  cobalt  and  nickel;  it  may  he 
decomposed  by  caustic  potash  or  c-irbonitc  of  potash  into  soluble  cyanide 
]Df  cohUt  and  potassium,  and  insaliibic  hydrate  or  carbonate  of  nickel- 
inidc.  (Liohig,  Ann.  J'fiarm.  41,  2J)I.) — S.  Tbeoxidoa  of  tbe  twometah 
^n  made  to  combine  witb  sulphuriu  acid  and  potash,  and  ihe  solution  left 
|n  orrslallixe,  whereupon  the  less  soluble  sulphate  of  nickel-oxide  and 
potash  separates  out  first,  and  tbe  sulphate  of  cobalt-oxide  and  potnek 


I  BolntioD.  (Proost)  BciWHited  cryaUlli^atiou  is,  Bowerw, 
often  ^ec(^ssa^y  to  geparalo  l!ie  whole  nf  the  nickel-MtIt  (raiu  ihe  coh»lt- 
aalt  {the  purifieaiiou  is  complete  when  the  mutber  liquid  of  the  niikol- 
s»]t  exhibits  a  pure  green  colour\  and  to  free  the  whole  of  the  cobalt 
eulutlon  from  admixture  uf  niukel-ealt. 

if-  Ltebig'a  mode  of  separation  by  cra-nide  of  potassium  and  byclru- 
chloric  oraulphuria  acid  has  since  been  fuund,  both  by  bimEelf  and  othen. 
not  to  gi*e  perfectly  satisfiictoty  result*.  Thus.  T-  H.  Henry  {C/ieM.Gat. 
1847,  170}  finds  that  a  solalion  of  cytmide  of  cobalt  and  potassium  boiled 
for  some  tinio  with  hydrochloric  acid,  or  eraporikted  nearly  to  drynen 
witb  Biilpburio  acid,  gives  off  hydrocyanic  acid,  ajid  ia  decomposed  in 
aucb  a  niiinncr,  that  alkalis  afterwards  produce  in  it  a  precipitate  of 
wsqnioxide  of  cobalt :  bence  the  nickel-ealt  obtained  by  method  (i) 
always  contains  cobalt.  The  following  method,  likewise  devised  of 
Liebi^,  is  free  from  this  objection,  and  gives  perfectly  satisfactory  resolUL 
~S.  The  oxides  of  the  two  metals  are  treated  with  hydrocyanie  add, 
then  with  potash,  and  the  liquid  wanned  till  the  whole  is  disuilved; 
(pure  cyanide  of  pota-i^ium  free  fnim  cyanale  of  potneh  may  likewiM  b« 
UMd).  The  reddidh-yellow  aolutton  is  heated  to  the  boiling  point  to 
expel  the  free  hydrocyanic  acid,  wberenpon  the  protocyanide  of  cobalt 
and  potassium  (CoCy,ltCy)  is  converted  into  the  corresponding  aesqui- 
eom|)ound  (Co'Cy*,3K),  and  the  nickel  remains  in  the  solution  in  the 
fomi  of  cyanide  of  nickel  and  potassium.  Pure  protoxide  of  inerenry, 
reduced  to  a  very  fine  powder  by  Icvigation,  is  then  added  to  the  solution 
while  yet  warm,  whereby  the  whole  of  the  nickel  is  precipitated,  partly 
u  oxide,  partly  as  cyanide,  the  mercury  taking  its  place  in  the  solntion. 
If  the  liquid  was  neutral  before  the  addition  of  the  mercuric  oxide,  it 
becomes  alkaline  when  boiled  with  that  aubslance.  The  precipitate 
contains  the  whole  of  the  nickel  witb  excess  of  mercuric  oxide:  after 
wa8hing  and  ignition,  it  yielils  pure  oxiilo  of  nickel  free  from  cobalL 
The  Sltered  liquid  contains  nil  the  cobalt  in  the  form  of  sesquieyanidu  of 
cobalt  and  potassium.  It  is  supersaturated  with  acetic  acid,  and  prect- 
pitaled  at  a  boiling  heat  with  blue  vitriol,  and  the  precipitate,  which 
consists  of  cyanide  of  cobalt  and  copper  {Co>Cy',3Cn,7  HO),  kept  at  that 
temperature  in  the  liquid,  till  it  has  lost  its  glutinous  character.  It  it 
then  washed,  dried,  and  ignited;  dissolved  in  hydrochloric  acid,  to  which 
a  small  quantity  of  nitric  acid  is  added;  the  copper  precipitated  by  aal- 
phurctted  hydrogen;  and  the  liquid — after  boiling  for  a  minute  to  expel 
the  sulphuretted  hydrogen — mixed  with  boiling  caustic  potash  to  pruoi- 
pitnte  the  cobalt.  The  precipitittc,  well  washed  to  free  it  from  potash, 
and  afterwards  dried  and  ignited,  yields  pure  sesquioxide  of  cobalL* 
(Liehig,  Jnn.  Pharm.  65,  244;   L,  and  K.  JaArf»ber.  I.,  971.) 

7.  A  solntion  of  protocbloridu  of  cobalt  mixed  with  free  hydrochloric 
acid,  is  completely  converted  into  sesqui chloride  by  the  action  of  chlorine 
gas,  whereas  the  chloride  of  nickel  remains  unaltered  when  treated  with 
that  agent.  The  solution  of  I  he  mixed  chlorides  containing  a  consider^ 
able  quantity  of  free  hydrochloric  acid  is  largely  diluted  with  water,  and 

*  In  Hpptjring  thii  method  to  quantitaCive  anal; U3,  the  cobalt  ma;  either  be  detsr> 
niiKd  directly  by  aeiiarutiiig  the  oxide  in  the  maniieT  just  described,  and  then  radoeing 
it  by  hjdrogt-n ; — or  the  ptecipitate  of  c;anide  of  cobalt  and  copper  axtj  be  dilated  ia 
cinatic  polasb,  whit-h  viJ!  diasolie  the  cobalt,  and  leaie  the  copper  lu  the  furm  of  cupnc 
oxidt,  and  rmni  the  quantity  ii(  the  lalt-cr,  tliot  of  tlic  cobalt  niajf  be  calculated.  A  Mill 
greater  ■implificatiim  may  br  made  by  weighing  the  mucd  ciidra  (or  Ihe  mUed 
rtdiifxi}  by  Jijdrufien)  before  applying  the  prtM:cai  of  fieparation,  and  tLen  maielj 
miaiag  the  quantitj  of  the  nickel. 
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cfalorme  gas  passed  through  it,  till  the  liquid  is  complete!;  saturated  and 
the  upper  part  uf  tbe  vessel  filled  with  tlie  gas.  Carbonate  uf  baryta  is  then 
added  in  excess;  the  whole  left  to  atnnd  in  the  told  for  12  or  18  hours 
and  frequently  agitated;  and  the  precipitated  aeaquioxiJe  of  cobalt, 
together  with  the  excess  of  carbonate  of  baryta,  collected  on  a  filter. 
The  precipitate,  after  washing  with  cold  water,  is  dissolved  in  hot  liydro- 
chloric  acid;  the  baryta  removed  by  sulphuric  acid;  and  the  cobalt  preci- 
pitated, in  the  form  of  protoxide,  by  caustic  potash.  The  liquid  filtered 
from  the  sesquioiide  of  cobalt  and  carbonate  of  baryta  contains  nothing 
but  baryta  and  nickel ;  the  baryta  may  be  precipitated  by  sulphuric 
■cid,  and  then  the  nickel  by  caustic  potash.  (H.  Rose, /"o^if,  71,  545; 
Jtim.l'harm.  64,  411.)  1 

b.  From  Manganese. — 1.  The  acid  solution  suporsatara ted  with  am- 

BWnia,  deposits  the  greater  part,  but  not  the  whiile,  of  the  manganese,  in 

the  form  of  black  oxide. — ■!.  The  protoxides  of  the  two  uietala  arc  preci- 

sd  by  boiling  witii  carbonate  of  soda,  the  precipitate  washed,  and 

heated  with  solution  of  potash  and  hydrocyanic  aiid.     Part  of  the 

■nanganeee  remains  undis.wlvcd:  the  solution  contains  cobalt  in  the  form 

of  eyanide  of  cobalt  an<l  potassium,  together  with  cyanide  of  manganese 

■od  potassium.     The  latter  is  decompOKcd,  with  separation  of  mangauio 

9xide,  by  repeatedly  evaporating  the  solution  to  dryness  and  re-dissolr- 

b^  in  water;  ihe  former  remains  uuiltered,  and  may  be  removed  by 

Itration.  (Gmelin.) — The  solution  of  the  mixed  oxides  is  treated  as  in 

fourth  method  (Liebig's)  of  separating  cohalt  from  nickel;  on  super- 

iUTBtiug  with  cyanide  of  potassium,  tLe  greater  part  of  tbo  manganesa 

nains  undissolved  iu  the  form  of  cyanide;  the  filtrate  is  decomposed,  as 

Iready  describeil,  by  dilute  sulphuric  acid.  (Liebig.) — 4.  The  acid  Eolu- 

tm  of  the  two  metals  is  mixed  with  a  quantity  of  acetate  of  soda  sutfi- 

tient  to  convert  the  whole  of  the  cobalt  and  manganese  into  acetates; 

Um  Cobalt  precipitated  by  sulphuretted  hydrogen;  and  the  sulphide  of 

cobalt  washed  with  sulphuretted  hydrogen  water  to  prevent  the  cobalt 

from  Dsidijing  and  re- dissolving.     The  whole  of  the  manganese  remains 

in  solution;  if,  however,  the  acetic  acid  is  in  very  great  excess,  the  filtrate 

may  still  conlniu  a  small  quantity  of  cobalt;    if  so,  the  excess  of  acid 

"  net  be  expelled  by  evaporation,  and  the  remainder  of  the  cobalt  preci- 

S'tetod  by  again  treating  the  liquid  with  sulphuretted  hydrogen. — Or 
«  aolntion  of  the  two  metals,  not  cautaiuiug  too  great  an  excess  of 
wAA,  may  be  precipitated  by  sulphide  of  ammonium,  and  acetic  acid  (or 
bydrochlciric:  II.  Rose)  added  iu  excess;  the  sulphide  of  manganese  will 
tAon  dissolve,  and,  after  a  few  minutes,  the  sulphide  of  cobalt  may  be 
(brown  on  a  filter.     Should  the  filtrate  ^ield  with  sulphide  of  ammonium 
blaok  instead  of  a  flesh-coloured  precipitate,  the  process  of  separation 
mst  be  repeated.    (Wackenroder,  N.  Bt.  Arc3i.  16,   130.)— H  5,  The 
iazides  of  the  two  metals  are  precipitated  from  the  mixed  solnlion  bv 
«Mitic  potash,  then  washed  and  dried,  and  afterwards  heated  to  low  red- 
IH  in  a  tube  through  which  a  stream  of  sulpliurotted  hydrogen  is  passed, 
A  flow  of  ga«  being  continued  till  the  tube  is  cold.     Th^  oxides  are 
lerebv  converted  into  sulphides,  which  arc  then  digested  for  some  hours 
oold  water  acidulated  with  hydrochloric  acid;  the  manganese  disaolvea 
id  the  snlphide  of  cobalt  is  left  behind.     The  same  method  may  be 
tplied  to  separate  nickel  from  manganese.  (Ebelmen,  A'.  Ann.  Ckim. 
hy».  25,  92.)  H 

The  reduction  of  the  protoxide  or  sesquioxido  is  effected:   1.  In  a 
iicible  lined  with  charcoal — more  easily  indeed  tbau  that  of  the  refrao- 
TOL.  T.  "^ 
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lory,  brittle  metals,  or  of  iron  (the  oxido  should  I>«  MT»«d  wiih  a  glv>- 
fluii, — consisting  of  alumina  and  lime:  Bcrtliier,  Jun.  CAim.  PAy»,25,fiS.) 
— 2.  AccordioE  to  Clarke,  in  the  Rame  of  his  oiy-bydroeen  blowpipe.— 
3.  By  pawing  oydropcii  gas  over  the  oxide  at  a  red  neat  — i.  By  beating 
the  oxalate  to  whiteness  in  a  crncible,  under  a  covering  of  glass,  out 
containing  any  lienvy  metal.  (Benelius.) — By  heating  the  oxaUte  of 
cobalt-oxide  and  ammonia  in  a  ctooed  crucible  in  a  flune  urged  by  the 
bellows.  {BrnnBer,  Xtutn.  Areh.  14,  176.) 

Prapertin.  Specific  gravity  7-7  (Bergman),  8-5131  (Benelioa), 
g-483  (Bninrer),  8'538.)  (Tassaert  and  Hany),  8-7  (Lampadinn).— 
T  Rammelsberg,  in  five  experiments  with  cobalt  reduced  by  bydn>g«o, 
found  the  specific  gntvity  to  yary  from  8-132  to  9-495;  mean  8-957.  % 
■ — Tolerably  hard;  the  metal  obtained  by  (2)  is  somewhat  mslleabl* 
(Clarke);  b.s  malleable  as  cast-iron,  and  has  a  fibrous  fracture  (Berthier); 
may  be  flattened  to  a  certain  extent  under  the  bammer,  then  fiie*  to 
pieces  and  exhibits  a  granular  fracture  (Brunner).  When  it  oontaios 
charfonl,  arsenic,  manganese.  Sec,  it  is  brittle,  and  has  either  a  fine- 
grained, or  a  Boinewhat  laminar  texture.  Reddish  grey,  with  fuit 
metallic  lustre.— When  obtained  by  (3)  it  forms  a  grey  powder. — Fmsa 
more  easily  than  iron,  loss  easilv  than  gold. — It  is  magnetic.  Acconliag 
to  Wollaston  (,Schw.  42,  2a7),  t\e  magnetism  of  cobalt  is  to  that  of  iron 
as  5  or  8  to  8  or  fl;  according  to  Lampadiua  (.VcAw.  10,  174),  that  of 
cobnlt  not  perfectly  pure  is  to  that  of  iron  as  25:55.  Accottling  to 
Faraday  {Poyg.  47,  219).  pure  cobalt  is  not  at  all  magnetic,  not  even  at 
a  degree  of  cold  abont  as  low  ae — SO^.C. 


Compownif4  of  CohnU. 
Cobalt  and  OxTaBR. 

A,    CoBALT-OXIDB  Of  CoBAtTOCS  OXTDE.      CoO. 
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Protoxide  o/Coball,  KofiatlfKeydul;  formerly  Soballoxyd. — Fcmnatiaii. 
— 1.  Cobalt  in  the  coherent  state  does  not  oxidiie  in  the  air  at  ordioaiy 
temperatures;  at  a  red  beat,  it  is  slowly  converted  into  protoxide  and 
afterwards  into  cobaltoso-cobaltio  oxide;  when  intensely  healed,  it  bnroi 
with  a  red  light.  According  to  Magnus  and  W.  Henry,  cobalt  redaced 
at  a  gentle  heat  by  (3)  burns  in  the  air  at  ordinary  te^mperjiures;  and, 
according  to  Hess,  that  which  hait  been  reduced  at  a  red  heat  gradually 
absorbs  oxygen  from  the  air.  The  product  of  these  combustions  is  some- 
times the  protoxide,  sometimes  the  sesquioxide  of  cobalt. — 2.  Red-hot 
oohalt  decomposes  vapour  of  water,  hydrogen  gas  being  ovolved  and 
protoiido  of  cobalt  formed,  (Deapreti;  Renault,  Ann.  Chivt.  i'iya 
62,  331.)  Cobalt  decomposes  wnter  when  mixed  with  byilrochlorio  or 
sulphuric  acid;  it  decomposes  oil  of  vitriol  with  evolution  of  EulphnnxM 
acid  gas,  and  easily  decomposes  nitric  acid  with  evolution  of  nitrons  ga*. 
In  all  these  reactions,  the  product  is  protoxide  nf  cobalt  united  with  the 

Prrparatiov. — 1.  By  igniting  the  pulverulent  metal  obtained  by  (8) 
in  an  open  platinum  crucible.  (Winkelblech.) — 2.  By  passing  hydrogen 
gas  over  Ibe  nydratcd  oxide  heate<I  to  a  temperature  not  exceeding  350°. 
The  bjdra,te  may  bo  heated  in  it  glua  gVobQ  placed  in  the  meroury-batb; 
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Ht  a  higber  temperatnTe,  redaction  would  take  place.  (Winkelblech.) — ■ 
a.  By  gently  lieatiog  the  hydrate  or   carbonate  out  of  contact 
e^  ^.  IQ    a   tube    ootnpletely    filleil   with    it    and    drawn   out  to   a  point. 
(Winkelblech.) — The  osiile  must  be  preserved  in  a  scaled  tube,  lu  it 
^mdnally  turns  brown  when  exposed  to  the  air.  (Winkelblech.) 

When  half  a  gramme  of  sesqnioxide  of  cobalt,  and  2  or  3  grammea  of 
rate  of  potash,  are  placed  together  in  a  silver  crucible  and  heated  for 
e  minutes  to  comiuencing  reonesg,  and  the  mass,  ufter  cooling,  digested 
iter,  the  protoxide  remains  in  the  form  of  square  tables.  (Becquerel, 
,  Cliim.  Phy».  51,  105.)— It  generally  takes  the  form  of  a  light 
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DecoTrvpotU'wns. — Reduced  to  the  metallic  atate  at  high  temperatures 
ly  hydrogen,  charcoal,  carbonic  oxide,  potassium,  and  Eodium,  At  the 
temperature  at  which  cobalt-oxide  is  reduced  by  hydrogen,  the  metallic 
eobalt  likewise  decomposes  the  eicess  of  aijueons  vapoar.  (Desprelz.)  A 
■lixtore  of  carbonic  oxide  and  carbonic  acid  gases  in  eaual  volumes,  like- 
iriM  Kduces  cobalt  completely  from  the  protoxide,  and  has  therefore  no 
action  on  metallic  cobalt.  (Laurent.) — Heated  with  carbonate  of  soda  on 
diKTCoal  in  the  inner  blowpi{ie-flame,  protoxide  of  cobalt  is  easily  reduced 
to  the  metallic  state,  and,  on  wa^ihtng  away  the  soda  and  charcoal,  the 
i«dnced  metal  is  left  in  the  form  of  a  grey  magnetic  powder.  (Berzelius.) 
—Protoxide  of  cobalt,  heated  with  sulphur,  ia  converted  into  sulphide  of 
cobalt  and  sulphurous  acid;  heated  with  sulphuretted  hydrogen,  it  yields 
water  and  sulphide  of  cobalt, 

Combinaiiont.  —  a.  With  Water.  —  Htdkated  Cobalt-oxide  or 
Cobalt-hydrate. — Formed  by  decomposing  a  cobalt-salt  with  strong 
cmnstio  potash,  out  of  contact  of  air.  The  blue  colour  of  the  precipitate 
(diangea  first  to  violet,  and  then  to  rose-colour,  the  change  being  greatly 
ftocelerated  by  boiling.  (Proust.) — On  throwing  a  crystal  of  cobalt-sul- 
"^ate  or  nitrate  into  a  bottle  filled  with  caustic  potash,  and  then  closing 
le  bottle,  a  bine  precipitate  is  formed,  which  soon  turns  violet,  and 
Wwards  rose-red.     If  the  cobalt-solution  be  dropped  into  the  boiling 

K>taeh-ley,  the  change  of  colour  is  almost  too  rapid  to  be  traced.  On  boil- 
g  the  hydrated  carbonate  with  potash-ley,  the  protoxide  is  first  produced 
the  form  of  a  bulky,  blue  mass,  -which  afterwards  assumes  a  violet 
colour,  and  is  ultimately  converted  into  the  rose-coloured  hydrate. 
fl*roiUt.)  The  potash-ley  and  the  cobalt-solution  should  both  be  freed 
■rom  air  by  boiling  before  they  are  mixed.  (Winkelblech.)  According  to 
Winkelblech^  the  precipitate  may  be  washed  and  Jried  in  the  air  withovt 
lAuigB  of  colour,  excepting  that  a,  brown  tinge  cornea  over  it  during 
■lyinf;  according  to  Proust,  however,  it  becomes  brownish  if  exposed  to 
ihe  air  in  the  moist  state,  and  in  finally  converted  into  the  brown  hydrated 
•Mqni  oxide. 

Roee-coloured  powder  (WinkelMeoh);  brownish  rose-coloured  (Proast). 
— Givee  off  its  water  when  healed  above  100". 
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6,  Witli  Acids,  forming  the  Salts  op  Cobalt-oxide  or  Cobalt- 
salts*. — These  salts  arc  obtnined  bydissolviag  the  nietal  iu  the  stronser 
Mills;  by  treating  the  protoxide  or  cnrbonstc  witli  acids;  by  double 
decomposition.  Sic.  The  hydrated  oxide  and  carbonate  likewise  dissolTs 
in  sulphate,  hydrochi orate,  uitrate,  and  euccinate  of  ammonia  (Brett, 
Wittstein)  with  cToluiion  of  a.mmonia  on  boiling.  (Deniarfay.)  Thfl 
insoluble  cotialt-saltB  are  peach -blossom  coloured  or  violet;  the  soluble 
salts,  cannine-culourod.  Thoae  wtiicb  contain  a  volatile  acid  part  with  it 
n-hen  ignited;  the  sulphate,  however,  is  bul  partially  decompoeed.  With 
carbonate  of  soda,  borax,  and  microcosmic  salt  before  tbe  blowpipe, 
cobalt  salts  exhibit  the  same  phenomena  as  the  oxide  itaelf.  Zinc  and 
cudmium  are  the  only  metals  which  precipitate  cobalt  from  its  solutions 
iu  the  metallic  state. — These  metals  do  not  precipitate  cobalt  completely 
from  its  solution  In  hydrochloric  acid,  even  when  the  action  is  continued 
for  a  long  time;  and  on  the  nitric  acid  solution  they  exert  no  action  what- 
ever, (N.  Fischer,  Pogg.  9,266.) 

Sulphuretted  hydrogen  forms  no  precipitate  iu  solutions  ofcobalt-oxide 
in  the  stronger  acids,  if  these  acids  ore  but  the  least  degree  in  excen; 
but  if  the  stronger  acids  are  completely  saturated,  the  greater  part  of  the 
cobalt  is  precipitated  in  the  form  of  black  hydrated  sulphide;  from  a 
solution  in  the  weaker  acids,  sucL  as  acetic  acid,  sulphuretted  hydrogen 
throws  down  the  whole  or  the  greater  part  of  the  cobalt. — When  sul- 
phate, hydro  chlorate,  or  nitrate  of  cobalt-oxide,  is  converted  into  acetate 
by  the  addition  of  acetate  of  soda,  the  cobalt  is  completely  precipitated 
by  sulphuretted  hydrogen,  exc-epting  tliat  when  the  excess  of  acetic 
acid  becomes  very  large,  a  small  portion  of  cobalt  remains  in  solotion : 
this,  however,  may  be  completely  precipitated  by  sulphuretted  hydrogen 
after  the  excess  of  acid  has  been  driven  off  by  boiling.  Sulphide  of 
cobalt,  when  once  precipitated,  is  but  sparingly  redissolved  by  enl- 
phuric,  hydrochloric,  or  nitric  acid, — still  less  oy  strong  acetic  acid 
added  in  excess:  heuee,  a  very  small  quantity  of  an  alkaline  hydro- 
eulpbate  added  to  a  very  acid  cobalt-solution  produces  a  permaneut 
precipitate.  (Wackenroder,  N.  Br.  Arch.  16,120.) — Alkaline  hydro- 
sulphates  completely  precipitate  all  cobalt-salts,  yielding  the  same  brown- 
block,  hydrated  sulphide  of  cobalt,  and  dissolve  out  very  little  of  it  when 
added  in  excess.  The  precipitate  is  likewise  insoluble  in  caustic  alkalis. 
The  brown -col  curing  is  apparent,  even  in  a  solution  diluted  to  200,000 
part?.  (Pfaff.) — Hydrated  sulphide  of  manganese  likewise  throws  down 
hydrated  sulphide  of  cobalt  from  solutions  of  cobalt-salts.  (Anthon.) 

Ammonia  added  iu  excess  to  a  cobalt-salt,  containing  either  a  ^t  of 
ammonia  or  a  large  quantity  of  free  acid,  by  which  the  first  [KirtionG  of 
ammonia  are  converted  into  a.n  animoniaeal  salt,  yields  a  clear  red 
mixture,  which,  on  exposure  to  the  air,  turns  brown  from  above  down- 
wards, and  generally  deposits  brown,  hydrated  sesquioside  of  cobalt. — If 
the  cobalt-solution  contains  neither  ammoniacal  salt  nor  free  aeid,  part 

•  Ag  the  ult8  of  Coballie  oiide  (Co=(V)  »re  not  of  nipch  imiHirtaiici,  uid  the  l«r- 
minntion  out  rather  implies  inferiority  in  point  of  stahilitj,  I  have  thooglit  it  better  to 
designate  the  ailti  of  the  protoxide  by  (he  •impter  tprm.  Coball-taltt.  nithcr  thin  bf 
that  of  Coiallom  salts,  excepting  in  the  few  aaa  in  which  they  iire  mcnti(>nrJ  mM 
Miae  KDteaoc  with  the  salts  ot  the  Msquuiiade.  \vr  .\ 


nf  tbe  oxide  is  immedUtely  precipitated  (as  baeio  salt)  in  tilne  flakes, 
•Whicb  reiuuD  blue  for  some  time  if  kept  from  tlie  air,  and  afterwards 
4^aiige  into  the  red  hydrate,  in  a  few  hoars  at  ordinary  temp  era  lures, 
but  more  qnickly  if  the  miituro  be  boiled;  if,  on  the  cotilrary,  the  air 
baa  access  to  tlicm,  they  quickly  turn  green,  and  then  ritlicr  assume  a 
brown  colour,  or  dissolve  and  form  a  browu  solution.— If  the  cobalU 
;  Belnlion  be  completely  freed  from  air  hy  tioiliug,  and  tbe  air  bo  perfectly 
Kolnded  after  the  ammonia  has  been  added,  the  blue  precipitiite,  which 
I »  basie  salt,  itt  converted,  very  slowly  id   the  cold,  but  more  ({uickly 

□  heated,  into  tbe  red  hydrate;  but  an  the  slightest  access  of  uir,  it 
a  green  colour.  (Winkelblcch.)  For  further  details  vid.  Cobalio- 
Urate  ofAmmo^iit  (p.  342). 

Caustic  potash  added  to  cobalt-salts,  out  of  contact  of  air,  throws 
ma  blue  flakes,  consisting,  according  to  Proust,  of  finely-divided  cobalt- 
nle,  or,  according  to  Winkelblech,  of  s  basic  ^alt;  tbey  are  converted, 
lowly  at  ordinary  temperaturee,  but  quickly  when  heated,  into  the  rose- 
rioured  hydrate,  which  is  al»o  immediately  fonneil  if  the  liquids  are 
Tied  hot.  It  is  advisable,  before  miiing  the  liquids,  to  expel  tbe  air 
>m  both  of  thera  hy  boiling,  so  as  to  obtain,  first  a  pure  blue,  and  after- 
trdsapure  roee-colonred  precipitate.  (Winkelblech.)  If  tbe  air  baa 
cess  to  the  liquid,  the  blue  flakes  change  colour — in  consequence  of  the 
Rnation  of  the  bydrated  oxide  or  of  a  basic  salt — becoming,  first  olive- 
een,  and  afterwards  partially  of  a  dirty  violet  colour.  In  an  aqoeous 
dntion  of  protochloride  of  cobalt  miKed  with  a  large  qoantity  of  sal- 
Bmoniac,  potash  produces  no  precipitate  if  tbe  air  bas  heea  completely 
nven  off  by  boiling;  in  the  contrary  caise,  a  slight  brown  pTeot]>itate  is 
rmed.  If  tbe  quantity  of  sal-ammoniac  be  smaller,  potash  produces  a 
oe  precipitate,  and  the  liqnid  assumes  u,  brown  tint  if  any  eal-anmioniao 
mains  undecomposed,  or  a  rose  colour  if  the  sal-ammoniac  has  been 
Komposed  by  considerable  quantities  of  potash.  (Winkelblech.) 

Carbonate  of  ammonia,  potash,  or  eoda,  produces  iu  cobalt^ealls  a 
lie,  peach-blossom -coloured  precipitate  of  carbonate  of  cobalt-oxide; 
is  precipitate  is  easily  soluble  in  excess  of  carbonate  of  ammonia,  yield- 
g  a,  solution  of  the  ^ame  colour;  it  m  also  soluble,  though  very  epar- 
jgly,  in  a  large  excess  of  strong  carbonate  of  potash  or  soda.  The 
ncipitate  turns  blue  when  boiled  wilk  the  carbonate  of  polasb  or  soda; 
does  not  disappear  on  passing  chlorine  gas  through  trie  liquid,  but  ia 
inverted  into  black,  hydrntcd  eeaquioxide  of  cobiilt.  According  to  Fncba 
Ichw.  62,  181)  and  Winkelblech,  cobalt -mUs  arc  not  precipitated  by 
r  with  carbonate  of  lime  or  boiling  with  carbonate  of  strontia. 
ecording  fo  Demar^ay  (Ann,  rharm.  II,  240),  the  carbonates  of 
Myta,  strontin,  lime,  and  magnesia,  thoogh  they  do  not  precipitate 
>lMlt-Balts  in  tho  cold,  nevertheless  decompose  them  completely  at  tem- 

itores  above  75°;  the  prccijiitation   of  cobalt-salts  by  carbonate  of 

rnesis,  and  more  quickly  by  pure  niagne&ia,  has  likewise  been  observed 
V  Dobereiner.  (Sehw.  63,  432,)— Phosphate  of  Eoda  yields  a  blue  preci- 
ttat«  of  phosphate  of  cobult-oxide, — Sulphite  of  potash  (hut  uot  snl- 
bite  of  ammonia)  boiled  with  a  cobalt-eolu  I  Ion,  throws  down  part  of  tbe 
tide  in  the  form  of  basic  sulphite.  (Berthier.)— Solution  of  silica  gives 
Hue  precipitate  with  cohii It-salts,  and  colours  tbcm  blue,  even  when  so 
r  diluted  that  potash  baa  no  effect  on  tliira.  (Fuchs.) — The  hydra  ted 
Ktoxides  of  tin  and  lead,  aud  protoxide  of  mercury,  completely  preci- 
itnle  protochloride  of  cobalt  at  a  boiling  beat  (Demar9By.) 

Oxalic  acid  produces  tuibidity  ia  cobalt-eolutiotu  alter  a  while,  and 


COBALT. 

grndunlly  Ihrows  down  nearlj  all  the  cobalt  in  tlie  form  of  pale  rote- 
coloured  oxutate  :  tite  saxae  precipitate  i^  produced  by  alkalioe  oialatM 
(even  in  solution  1000  times  diluicil :  Piafi).  Fcrroc^nide  of  polasbiiiin 
produces  a  greou,  and  fcrricvnaide  of  potiiasiain,  a  thick  brown-red  preu- 
pitate  iD»olufalo  in  bydrocbfurio  acid.  Tincturo  of  galls  pnxlaces  a  U^t 
ted-brovn  precipitate  in  the  solution  of  the  acetate,  but  not  in  Un 
eolutions  of  cobalt  in  the  stronger  acida,  except  on  the  additi 
of  potash. 

e.  With  Alkalis. 

d.  With  »omo  of  the  Earths  and  Heavy  If  etallio  Oxides. 


B.    CoBALToao- 


OXTOE. 


^_^  .  Co'0'=6CoO.  Co'O'.— The  Hffdrale.—Foimeil  by  precipitat  _ 
Bfllilral  nitrate  of  cobalt-oxide  with  ammonia — exposing  tho  liquid  to  tbt 
air  till  the  blus  precipitate  turns  green — then  diffusing  the  precipitato 
in  water,  and  eiposiug  it  to  the  air  for  a  month,  till  it  tnrne  quite  yellow. 
Tiie  yellow  hydrate  thus  formed  still  containE  a  trace  of  nitric  acid,  whidi 
cannot  be  removed  even  by  long  contact  with  water. 

b.  Co'0'  =  4CoO,Co*0*.— Formed  by  keeping  the  bydrated  protoxide 
at  a  red  beat  in  the  air  for  a  consid-erable  time — or  by  first  reducing  it  t« 
the  metallic  stale  by  heating  it  rery  gently  in  a  tube  through  which 
hydrogen  gas  is  passed,  and  then  burning  it  again  by  passing  air  through 
the  tube.— Soft,  vcivet-blaok  powder.  (Winkclblecb.) 

WmkdWedi  (.mo). 
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IT  According  to  Rammelsberg  {Poggi.  78,  93)  tbe  oiide  formed  by  ignitutf. 
the  hydrate,  carbonate,  or  oxalate  of  the  protoxide  at  a  tnuiferate  red 
heat  is  not  Co'O'  but  Co'O'.  The  residue  afforded  by  the  hydrate  con- 
tained 74*28  p.  c.  of  cobalt;  that  of  the  carbonate,  from  72-69  to  Ti -fi^ 
that  of  the  oxaJates  from  7362  to  7433  p.  c.  The  formula  Co'0*reqi ' 
73'46  per  cent.     At  a  higher  temperature,  Co'O'  is  formed  IT. 

c.  Co'0'=CoO,  Co'O*.— Formed  when  the  nitrate  or  oxa]at«  of 

Enitoxide  is    ignited  in  the  air  either  gently  or  strongly,  or  when 
ydmted  sesqnioxide  is  gently  ignited  (Hess);  when  the  sesonioxidaj 
heated  to  low  redness;  and  when  tho  hydrated  sesquioiide  is  faeated 
qnite    to  redness.  (Winkelblech.) — Resembles  the  preceding 
peculiar  salt  with  oxalic  acid.  (Wiukclblech.) 


i 


Hew.       Winkelblech  (m 

73-a;  . .,  72-2U 

26-13  20il 


C.  CoBALTic  Oxide,     Co'O'. 


Seiquioxidt  of  Cohah,   Koballoxyd :   fonnfrJy    Peroxide  of  CotsS^ 
Kobalt'liyperort/d, —  1,    Formed    by   gently   igniting    the   nitrate   of  ibc 
protoxide.  (Pronst.) — When  thb  ealt  is  fused,   blackish-grey   uietsllie- 
looking  particles  separate  from  it,  till  the  whole  is  converted  into  a  steel- 
f(tey  maea.    To  expel  the  remainder  of  the  nitric  acid  from  this  i 
a  finely  pounded  and  gently  heated  in  a  porcelain  crucible  a 


sabstsa^H 


COBALTIC  OXIDE. 

nd  TBpouTs  continne  to  go  ofi*.  It  is  difficult  to  drive  off  tlie  whole  of 
Ae  nilrit!  acid  ;  for  it  is  very  forcibly  retained,  and  at  a  very  liigU 
femperatare,  the  eesqiiioxide  is  converted  iotu  Co^O'.  (Winkclbloch.) — 
9*  By  deconipoaing  cbloride  of  cobalt  in  tbe  dry  way  with  carbonate  o£ 
Ctxla,  and  washing  the  residue  with  water.  (Hesa,  Fogti.  2G,  542.) — 
Aceordiag  to  earlier  etatements,  the  seB<|iiioxide  is  produced  when  the 
pietal  or  its  protoxide  ia  gently  igoited  in  the  air;  according  to  Pronat, 
le  carbonate  heated  in  a  covered  crucible  tnkes  fire  iinaicdiately  on 
Vpening  the  cractble;  but  eDcording  to  Heas  and  Winkclblecb,  tbo  product 
lb  these  caees  ia  only  Co*0'. 

Brownisfa' black.  As  obtained  by  (2),  it  forms  a  brown  powder  wbicli 
knuires  a  waxy  lustre  by  friction  with  n  hard  -body.  (Hess.) — At  a  low 
M  heat,  it  gives  off  oxygen  and  is  converted  into  Co'O'.  (Heas,  W'inkel- 
"  lOh.)  According  to  Proust,  it  leaves  the  protoxide  when  very  strongly 
lited;  and,  accordine  to  Botboff  {Sckto.  22,  329),  100  parts  of  sesqui- 
ide  of  cobalt,  heated  to  redness,  give  off  from  9'5  to  8-9  parts  of  oxygen, 
_^._  1  leave  a  residue  of  protoxide.  [For  the  other  decomposition,  vid. 
ffdraled  Cobaliic  Oxide.) 

Calenlalion.  acconlmg  to  Hothofi'.       Winktlblech  (I).  PrDust. 
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Combinatimu. — a.  With  Water. — Hydbatkd   Cobaltic    Oxide,   or 

Baltic  Hydrate. — 1.  Formed  by  eaturatiug  water  in  whicb  hydr&ta 

carbonate  of  cobalt  oxide  ia  diffused,  with  chlorine  gas,  then  washing 

d  drying,  (Proust,  Winkelblecb,)     Tbe  eame  compound  may  likewiae 

formed  by  boiling  recentJy  precipitated  cobalt-hydrate  with  chloride 

lime.  (Bbltger) — Bromine-water  likewise  converts  the  protoxide  of 

trt>alt  into  eesqnioxide  and   bromide   of  cobalt,  tbo   latter  dissolving. 

toalard.) — 2.  By  precipitating  nitrate  of  cobaltons  oxide  with  chloride  of 

IB  (Heas),  or  with  chloride  of  soda  mixed  witb  caustic  potash.     If  the 

taeh  Were  not  added,  nitrate  of  cobaltic  oxide  would  remain  in  solntion; 

is  was  mietaken  by  Dingier  for  cobaltate  of  soda, — but,  when  treated 

Ih  potash,  it  yields  a  a  precipitate  of  cobaltic  oxide  without  any  evolu- 

n  of  oxygen.     To  remove  tbe  chlorine  completely,  it  is  necessary  to 

3  the  precipitate  with  strong  caustio  of  potash;  otherwise,  it  will  still 

St  an  odour  of  chlorine   when  treated  with  acids.  (Winkelblech.) — 

By  exposing  a  salt  of  cobultous  oxide,  supersaturated  with  ammonia, 

~&  tbe  air,  till  it  is  converted  into  a  browu  liquid,  and  then  precipitating 

by  potash.  (Winkelblech.) — Wben  any  cobalt-salt  is  exposed  to  the  action 

of  a  voltaic  battery  of  at  least  100  pair  of  large  plates,  cobaltic  oxide  ia 

deposited  on  the  positive  pole,  (Fischer,  Kagtn  Arcli.  16,  218.) — The 

liunid  should  be  well  boiled  before  the  precipitate  is  collected  on  a  filter, 

oerwiae  it  will  adhere  closely  to  the  paper.  (Winkelblech.) 

I  Brownish-black,  densely- aggregated  mass,  having  a  conclioidal  froc- 

!,  and  yielding  a  dark  brown  powder. 

Wiokrfbleil..  Hm». 

(2)  (3)  (2) 
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ran  COBALT. 

Tbe  hydrate,  id  tbe  analyaes  hy  Hese  and  Winkelbleoh,  ma  previondT 
finely  ponnded  and  dried  over  oil  of  vitriol  in  a  receiver  not  exliAuslM 
of  air;  Hess  kept  it  tliore  for  a  wtck;  according  to  hia  analysee,  tba 
hydt»te=Co=0'+2H0. 

The  hydrate  when  heated,  firat  gives  off  water,  then  oxygen  gaaaod 
water  together,  SDil  leaven  Co'O',  which  does  not  part  with  the  remiuniler 
of  the  water  till  it  haa  been  kept  at  a  red  heat  for  some  time.  (Wiukel- 
blerb.)  It  disMilTes  in  culphurons  ur  byponitrio  acid,  with  formation  of 
sulphate  or  nitrate  of  cobaltoue  oxide.  Aniiuonia  diitsolvea  it  only  on  tha 
additirm  of  a  piece  of  tin:  the  bolution  ia  red.  In  bot  eulphuric  or  nitric 
acid  it  dissolves  with  evolution  of  oxygen,  being  converted  into  protoxide, 
and  in  hydrochloric  acid  with  evolution  of  chlorine  gaa.  (Fronet.)  Id 
cold  phosphoric,  sulphuric,  nitric,  or  hydrochloric  acid,  it  dieeolvcfl  at  SnI 
without  decomposition  ;  but  on  exposure  to  light,  or  on  the  application  of 
heat,  osygen  or  chlorine  gaa  is  evolved,  and  a  salt  of  colaltoos  oxiJe 
formed.  (Winkelblech.) — Racemio,  tartnric,  and  citric  acid  dissolve  the 
hydrate,  reducing  it  completely  to  the  slate  of  protoxide;  hot  a(]ueoDi 
oxalic  acid  forms  oxalate  uf  cokiltous  oxide,  and  gives  off  carbonic  acid. 
— The  hydrate,  if  heated  while  yet  moist  with  a  solution  of  oxalate  of 
ammonia,  dissolves  with  evolution  of  ammonia,  and  forms  a  green  solution 
of  cobaltoso-cobaltio  oxalate.  (Winkelhlech.)  Aqueous  ammonia  exerb 
no  decomposing  Eictiou,  even  with  the  aid  of  heat.  (Proust,  Winkelhlech.) 

6.  CoBALTic  Salts. — Cold  phosphoric,  sulphuric,  nitric,  and  hydro' 
chloric  acid  dissolve  the  hydrated  scsqui oxide  without  dccompoBitioo  at 
first,  but  the  resulting  salts  are  afterwards  converted  into  salts  of  the 
protoxide,  [vid,  tup.)  A  cobaltous  salt  containing  a  small  quantity  of 
colialtic  salt,  has  a  darker  colour  than  that  which  properly  belongs  to  it 
— The  moat  permanent  of  the  cobaltio  salts  is  the  acetate ;  the  hydrated 
oxide,  while  yet  moist,  diasolvee  in  acetic  acid  slowly  but  completely. 
The  intensely  brown  solution  forma  a  brown  precipitate  with  pota«h,  car- 
bonate of  potaeh.  or  carbonate  «f  ammonia;  abo  with  ammonia,  whioh, 
however,  does  not  precipitate  all  the  cobalt.  With  h^drosnlpharie  aoid 
and  hydroeulpbate  of  ammonia,  it  gives  a  black  precipitate;  with  alka- 
line phosphates  or  urseniates,  a  brown  precipitate;  with  ferrocyanide of 
potassium,  a  dark  red  precipittktc,  which,  if  the  precipitant  is  in  exces. 
gives  up  cyanogen  to  it,  and  converts  it  into  ferricyanide  of  pota««iniu, 
and  is  itself  converted  into  green  ferrocyanide  of  cobalt.  Iodide  of 
sodium  colours  tlie  solution  reddish-yellow;  alkaline  oxalates  colour  it 
yeliow  after  a  while,  in  consequence  of  the  formation  of  cobaltoso-cobaltio 
oxalate,  (Winkelhlech.) 


D.  Colattk  Acid!     CoO'. 


The  observations   whioh  appear  to   indicate   the  existence  ( 
cumpound,  will  be  found  undor  the  bead  of  cobaUo-nUrate  of  ammontd. 
(P.  342.) 

Cobalt  and  Cahbon. 

CAnnoNATE  OF  CoDALT-oxiDE,  or  CoBALT-cAnBONAiE. — ^uintoiiuif. 

—  Fumied  by  precipitating  a  colialt-salt,  at  a  boiling  heat,  with  excess  uf 
moaocarboiiale  or  bicarlionote  of  potash. — Peach- blossomed-coloa red  pi*- 
cipitate. — Tie  salt  examined  by  Winkelhlech  waa  obtained  with  moDO- 


PHOSPIUDE  OP  COBALT.  3S9 

carbonate  of  poUsb;  tbat  of  Setterberg  {Pogg.  19,  53),  the  composition  of 
wbich  was  gifea  under  (1),  was  precipitated  by  bicarbonat«  of  potasli, 
the  liquid  being  kept  constautly  boiling;  tbat  given  under  (2),  by  adding 

frotuchloride  of  cobalt,  in  soccesBivo  portions,  to  the  boiling  solution  of 
icarbonate  of  potash;  tbat  under  (3),  by  precipitation  at  a  temperature 
below  the  boiling  point;  the  last-mentioned  precipitate  always  gives  up 
a  small  quantity  of  cobalt  to  warm  water  with  which  it  is  washed. — The 
compoaitiun  corresponds  with  that  of  the  zini^salt,  oven  in  the  quantity 
of  water.  When  cohalt-saltH  are  boiled  with  carbonate  of  soda  in  very 
large  excess,  the  precipitate  turns  blue. 

Wiiikelblecb.  Setterberg. 

(1)  (2)                (a) 
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Insoluble  in  water;  soluble  in  aqueous  carbonate  of  ammonia,  potanh, 
or  soda. 

When  cobalt-salts  are  precipitated  in  the  cold  by  bicarbonate  of 
potash,  a  rose-coloured,  s|iaringly  soluble  precipitate  is  formed,  which 
GOntaina  potash,  and,  by  boiling  with  water,  is  converted  into  the  salt  just 
described,  (Wiokelblech.) 

Cobalt  and  Boron. 

BoRATB  OP  CoDALT-oxiDE,  or  CoBALT-BORATE. — Formed  by  pre- 
ipitating  a  cobalt-salt  wiib  burnx.-^BcddlKh-white  powder,  which  is 
nrcely  soluble  in  water,  and  fuses  to  a  dark  blue  glass  when  heated. 
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AND  Phosphorus. 


PHOsFntDB  OF  Cobalt. — a.  With  a  ivri;  large  exust  of  Cchalt. — 
Formed  by  throwing  pieces  of  phosphorus  on  red-hot  cobalt, — 2.  By 
liting  I  part  of  cobalt  with  1  part  of  glacial  phosphoric  acid,  and  y^  of 
larcoal  powder.  (Pelleticr.) — 3.  By  exposing  a  mixture  of  70  pts. 
Metallic  or  oxidized  cobalt,  100  bone-ash,  30  pounded  quartz,  and 
10  charcoal,  to  the  heat  of  a  b  1  a.? t- furnace  f»r  nn  hour.  (Berthier.) — The 
compound,  when  prepared  by  (1)  or  (2),  has  the  metallic  lustre  and  a 
'bluish-white  colour;  it  is  brittle,  of  acicuhir  structure,  more  easily 
fusible  than  cobalt,  eontnins  94  per  cent,  of  cobalt  and  G  per  cent,  of 
ibosphorus,  becomes  dull  on  exposure  to  the  air,  and  bums  to  a  dark 
ilue  glass  when  heated.  (Pelletier.)— By  (3),  of  a  shining  white  colonr, 
■Very  fneible,  non- magnetic,  and  often  baa  needle-shaped  crystals  in  its 
tovities.  (Berthier.) 

b.  Triphotphide. — I.  Pbosphurotted  hydrogen  gas  converia  heated 
ebloride  of  cobalt  into  a  grey  suhstnuce,  insoluble  in  stron"  hydrochloric 
acid,  but  easily  soluble  in  nitric  acid. — 2.  Trijihosphate  of  cobalt-oxide, 
aa  obtained  by  precipitating  the  protocliloride  with  diphosphate  of  soda,  is 
•neily  decomposed  by  ienitioo  in  a  stream  of  bydrngeii,  nothing  but  water 
1>eing  giveu  off,  and  triphosphide  of  cobalt  boiag  M\i  in  vVa  lvi\i&  tV  % 


I 


SULPHIDB  OF  COBALT. 

e  iitom  of  acid,   (H.  Rose.)     They  dissolve  in  ezoesB  of  phosphoi 

A  yellowiah  ai 


acid,  forming  a  deep  redsolutioD;  in  iimmonia,  with  tiret  a  yellowish  and 
afterwards  a  browniab  colour,  and  slightly  in  hydrochlorate  or  oitratQ  of 

E.  Pyrophosphate  op  Cobalt-oxtdb.  or  Cobai-t-ptbopiiobpuatb.— 
The  precipitate  which  colialt-salts  form  with  dipyrophoephate  of  soda,  i> 
le-diuolred  by  bd  excess  of  the  re-agent.  (Strumeyer.) 

^  F.  Mbtapbobpbate  op  Cobalt-oxide,  or  Codalt-mbtaphospbate. 
— Formed  by  adding  a  solution  of  cobalt-s alpha te  to  an  eicees  of  dilut* 
pboBphoric  acid,  evaporating  to  dryness,  and  heating  the  residue  in  a 
platinum  eapsolo  above  SI&']  it  then  separates  in  the  form  of  a  beautiful 
rose-coloured  powder,  insoluble  in  water  and  diluto  acid,  but  soluble  in 
strong  sulphuric  acid. 

Uaddrell. 

CoO 37-5        .,       34-43         34-79 

PC  71'4         .       6a-&7         GS-21 

CoO.PO"    .     108-9         ,.     100-00         ~.       iw-M 

(Maddrell,  Am.  Pharm.  58,  61.)  IF 

Cobalt  and  Sulphur. 

A.  PnoTOBULPHiDE  op  Cobalt. — 1.  Formed  by  throwing  sulphur  oo 
the  metal  heated  to  redness  in  a  retort,  the  eombination  being  attended 
with  fusion  and  combustion.  (Proust.)— 2,  By  igniting  the  hydrated  com- 
pound in  a  close  vessel.  (Proust.) — 3.  By  heating  (protoxide  of  cobalt 
■with  sulphur.  (Proust.) — 4.  Anhydrous  sulphate  of  cobalt-oxide,  heated 
to  whiteness  In  a  crncihle  lined  with  charcoal,  leaves  half  its  own  weight 
«rf  sulphide  of  cobalt.  (Berthier.) — By  (1) ;  grey,  with  metallic  lustre; 
Iftminar;  dinolvea  eiuily  in  acids,  with  evolution  of  sulphuretted  hydrogen 
( F roust) ;  according  to  (4):  grey,  with  granular  fracture;  magnetie 
(Berthier). 

Proust  (1). 

Co  .   29-5        ....        e4-84  .   ....  71-5 

S 160      ...       3S-1S        2S-& 
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Ilj/drattd  Protoiulphidc  of  Cobalt,  or  Hydromdpkate  of  Cobalt-oxide. -~ 
S'ornied  by  precipitating  acetate  of  cobalt^oiide  with  sulphuretted 
]iydrogeo,  or  any  cobalt-salt  with  an  alkaline  hydroHulphate,  or  by 
bringing  the  bydAte  or  carbonate  of  cobalt-oxide  in  contact  with  sulphur- 
Mted  hydrogen  water.  (Proust.)     Black  powder.     When  heated,  it  give« 


a  large  quantity  of  water  and  sulphurous  acid  [11,  and  is  converted 
^t4>  dry  Hulphide  of  cobalt.  (Proust.)  When  exposed  to  the  air  in  the 
iBioiet  state,  it  slowly  oxidizes,  and  forms  sulphate  of  cobalt-oxide.     Dis- 


>)MiWes,  with  evolution  of  hydrogen,  in  iDineral  acid«  when  tolerably  c( 
((rated,  very  sparingly  in  cold  dilute  afids,   and   scarcely  tit   all   in   dilute 


S! 


relic  acid,  (Wackcnroder)     Dissolvee,  while  vet  moist,  iu  aqueous  sul- 
luroas  acid.     From  sulphate  of  cadmic  nxiife,   acetate   of  lead-oxide. 


Jiydro':  hi  orate  of  ferric  oxide,  nitrate  of  nickel-oxido,  sulphate  of  cuprio 
roxid«.  and  nitrate  of  silver-oxide,  it  precipitates  the  mel&h  in  the  form  of 
Ipalphides.  (Anthon.) 


■  »«.     TWtmc  I 


■  A|Mtile,  of  k  c^MT 
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1}.  BjKn-rniDi;  op  Cobalt. — I.  Proloxi^  of  coWt  u  pr(![wre<)  lij 
niiiillv  ignitini;  the  recently  prraputed  cubonale  in  a  cradble,  tben 
nilzeil  with  tbree  titnec  iti  weight  of  falphnr,  and  then' 
hcatcJ  io  a  glsw  tube  to  a  tein|i«Tktnre  a  little  below  rec 
HUM  is  not  quite  black,  it  must  oe  again  mtied  with  sulphur  aad  ignited. 
—2.  By  |ia«»rDg  iivlph  a  retted  hydro^n  over  tesquioxide  of  <Hjliait  at  t 
t«mpRrature  innoh  below  redness,  and  boiling  the  blackish-grev  mass  witli 
bydruchluriF  aciil.  [li  this  blackiah-grey  mR»i  sesquisnlphide  of  cobalt, 
or  n  mixture  of  the  proto-  and  bt^nlphides  1]  Black  powder,  destitute  of 
Inalre.  At  a  red  heat,  it  gives  off  solphiir,  and  leaves  a  jE^rcy  eulphide  of 
cobalt.  N'ot  attacked  bv  alkalis  or  by  acids,  excepting  nitric  acid  and 
■qua  rcj,'ia.  The  Bnlphide  prepared  by  {2),  when  exposed  in  the  washed, 
lint  ntntc  to  the  air,  is  partly  conrertcd  iiito  sulphuric  acid  and  coImUI- 
^te.  (Setlorbcrg,  Fogg.  7,  40.) 


«  :  u  or  «'=9»''  is/;  «  :  u'=82''  20";  i  :  arias'  4J;  .*  :  jJ=124=;  t :  d= 
135" 65';  i  :/=II8°53'.  (Brooke.)  The  taytiu\»  I»*t»  &  bhitlj  astrin- 
^nl,  alightly  bitier,  and  meUllic  taste,  and  when  hesled.  give  off  ii'ater, 
without  fusinz,  and  becomo  upaque  and  roee-colonted:  ibey  do  not  part 
wilh  their  acid,  cren  at  a  red  heat.  (Proust.)  The;  dUeoIre  in  24  paiUof 
cold  water,  but  not  in  alcohol.  Glacial  acetic  add  preeipibUM  Uie  ult 
oonipletely  from  its  aqueons  solution,  so  that  not  a  trace  of  cobalt  remaiu 
in  the  litjuid.  (Persoi.)  Marks  made  on  paper  with  the  aotution,  bun 
ted  when  the  paper  is  wanned.  (Proaat.) 


A»/tydrout.  Rirtkoff. 

CoO 37'i        ....  48-39  ....        47  M 

SO*  40O        ....  51-61  ....         52-11 

CoO.SO" 774       ....  10000  ....      100-M 

Cryttalliied.  Bueholi.  ICtvheiliflb. 

CoO  - 37S     ....     26-69    ...  301  „,, 

80»  400     ...     28-47     .,..  26f  *  ■     ■"  * 

1HO 63-0    ....     4484     ....  4*  ....     42-7 

1409     ...  lOO-OO      ..  too  IM-D 
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When  naiivt  CohaU-vitriol  from  Bieber  ie  freed  by  solntton  in  wsler 
and  nitration,  from  admixed  areeniat^  of  manganoos  oxide,  the  quantit; 
of  which  ia  much  below  1  per  cent.,  the  cryBlalB  oblMned  from  the  filtrat* 
exhibit,  according  to  Wiokelblech,  the  fuUowiug  composition  : 

Wmkelblech. 

IMiO  ._ «u...i  200        ....  3-67         ....  a-87 

SCoO    .„..™ ™™_,        lia-5        ....  20'66        ....  19-91 

4S0*     ,. 160-0        ....  29-39        ....  29-OS 

saRO  2*20  ,  <62B         ....  46-S3 

hi\b  '.         10000  '.  99-66 

I.  Sdlphocarbonatb  of  Cobalt. — AqueoUE  sulphocarbonate  of  cat- 
cinm  formii  with  cobalt-salts,  a  mixtiire  which  bos  a  deep  olive-greeo 
colour  by  transmittod,  and  black  by  reflected  light:  after  24  hoors,  it 
deposits  block  flakes,  the  liquid  retaining  a  dark-brown  oolonr. 


Cobalt  and  Sslenium. 

A.  Sblbnide  up  Cobalt. — Heated  cobalt  combines  with  selenium, 
forming  a  grey  mass,  which  exhibits  metallic  lustre  and  crTatii.l]ine  strac- 
ture,  nnd  fuses  at  a  red  heat :  the  combination  is  attendeu  with  igaition. 

{Berieliufi.) 

B.  Sp-le.-jite  op  Cobalt-oxide,  or  Cqbalt-belbnite. — a.  Monotrlt- 
niie. — Ruse-coloured  powder,  inaoluLle  in  water.  (Ber^elinB.) — b.  Bitelt- 
itile.  Remains,  on  evaporating  the  aqueous  solution,  in  the  form  oft 
transparent  puqile-red  gura.  (Berzelius.) 

C.  Co B A LT-SELENi ate.— Identical  in  crystalline  form  with  tha  sot- 
fhate.  (Mitsoberlicb.) 


COBALT  AND  BHOMINK. 


Cobalt  and  Iodike. 


A.  Iodide  op  Cobalt. — Col. — PulverieeJ  cobalt  and  iixtine  lieated 
together  in  »gla«8  tube,  unite  and  form  a  greyish -jjreeo  maaa  which  has  no 
metallic  lustre,  fuses  when  heated,  but  does  not  sublime.  (Erdmann,  J.  pr. 
'C!^n»,  7,  354,)— By  evaporating  the  aoueoua  solution,  a  dark  green 
fleliqaescent  mass  ia  obtained.  (Erdmatm,  Kamtnelsberg.) 

Aqu^iu  Iodide  of  Cobalt,  or  Hydrhdate  of  CnhalU oxide.— \.  When 
eobalt  reduced  by  hydrogen  is  placed  in  contact  with  iodine  and  water, 
the  temperature  of  the  liquid  rises  to  the  boiling  point  and  a  red  solution 
)■  fanned. — 2,  Dry  iodide  of  cobalt  forms  with  a  small  quantity  of  water 
green  solution  (Erdmann),  or  brown  (Rammelaberg);  with  a  larger 
^antity  of  water,  it  fornis  a  red  solution. ^-Iodide  of  cobalt  ia  aoluble  in 
ftlouhol.  (Erdmann.) 

B.  Oxy-iodidt  of  Cobalt  I — CoO.Co I.— Ammonia,  added  to  a  dilute 
■olution  nf  iodide  of  cobalt,  colours  the  liquid  brown,  and  throws  down  a 
blue  precipitate  which  turns  green  by  oxidation  daring  washing  and 
/^tyiag.  (Rammelaberg,  Pog^.  48,  155.) 

0,  loDATB  OP  CoBAi.T-osiDK,  or  CoBALT-ioDATE. — The  solution  of 
leceolly  precipitated  carbonate  of  cobalt-oxide  in  aqueous  iodic  acid 
yields,  both  by  cooling  and  by  evaporation  of  the  mother- liquid,  violet-red 
cryatalline  crusts,  which  give  off  55  per  cent,  of  water  at  '200',  and,  on 
subsequent  ignition  in  a  retort,  are  resolved  into  iodine  vapour,  oxygen 
gas,  and  black  cobaltoso-cobaltic  oxide,  Co'O*,  which  still  retains  the 
crystalline  form  of  the  salt.  Tbey  dissolve  in  146  parts  of  water  at  15°, 
tad  in  90  parts  of  boiling-water.  (Ramtaelsberg,  I'oi/ff.  44,  561.) 


Runmetsberg. 


CoO 

IC  

HO  

Cryilalliitd. 

37-S     .,         1--6S 

1660    ....       7812 

B-0    ....       4-a3 

RammelsbetK 
5-5 

Anhgdratu, 

CoO 37-5     ,.,.     18'43 

lO'   . , 168-0     ....     Bl'57 

aD3'& 

17-S  ., 

S60  .... 

B-0  .... 

CO,to'  +  Aq.  2l2b  ...     100-00 


Cobalt  a.nd  BnoMiNR. 

A.  Bromide  op  Cobalt.— 1.  Cobalt  at  a  dull  red  heat  Ukes  up 
mpanr  of  bromine,  forming  a  jjreen  compound  which  fuses  and  is  partially 
decomposed  at  a  higher  temperature.  (Bertbemot,  Ann.  Ckim.  PkyM. 
44,  391.) — 2.  The  crystals  of  the  hydrated  bromide  leave  a  faluUb-greeii 
lesidue  when  heated.  (Rammebberg,  Popg.  65,  244.) 


.     27-34 

.     72-66 

Berthcrao 

27-4J 

J2-57 

107-9 

..   10000 

...     votrftti 

ffydraUd  Bromide  of  Cobalt,  or  Hydradromaie  nf  CobaU-exvIf.— 
Broniiile  ofcubalt  deliquesces  rapidly  in  tke  lur,  forming  a  red  liquid;  tlia 
same  solution  ia  obtained  fay  heating  cobalt  with  bromine  and  water.  Tbe 
solulion  turns  red  on  cvaporalion,  learing  the  green  anhydrous  oomponnil 
aa  a  residno.  Ammonia  added  to  the  solution  throws  down  a  precipitate 
which  is  fldluhle  in  excess.  (Bertliemot.)  When  the  solution  isevaporat«d 
over  oil  of  vitriol,  red  crystals  arc  obtained  which  soon  effloresce  'm  tha 
dry  iiir  of  the  receiver,  but  deliquesce  when  exposed  to  the  atmottpheie 
in  its  ordinary  elate.  (Rammelsbcrg.) 

B.  Bromatb  of  Cobalt-oxide,  or  Cobalt-bromatb. — By  preripi- 
tatini;  sulphate  of  cobalt-oxide  with  bromatc  of  baryta,  and  evaporating 
the  filtrate  over  oil  of  rjtriul,  transparent  regular  octohedrons  art!  obtained, 
having  a  hyacinlh-red  colour.  They  are  isomorphous  with  the  bromates 
of  magnesia,  xinc-oside,  and  nickel-oxide.  When  heated,  they  are 
resolved  into  bromine  rapoar,  oxygen  gas,  and  ses<{uioKide  of  cobdL 
They  dissolve  in  22  parla  of  eold  water;  and  the  solution  evaporated  tt 

a  gentle  heat, gives  ofT  bromine  vapour  and  deposits  aesqaioxide  of  cobolti 

(Rammeleberg,  Po^g.  55,  71,) 


Aithydrou,. 
37-5     ....    2106 
1181     .  .     75-91 


Cri/ilaUiied. 

CoO 37-5     ....     17-I 

BrO> lle-1     ...      56-' 

6H0  . ..   MO  ....   aa: 


CoO.BrO'  lis '9 


Cobalt  and  Chlokim 


lan^^H 
es  firei^ 


A.  Crloride  of  Cobalt. — 1.  Heated  cobalt  powder  takes  fin  I 
chlorine  gas.  (H.  Davy.) — Finely  divided  cobalt  takea  fire  in  a  stream  or 
chlorine  gaa  and  produces  blue  crystal  Hoe  scales.  {H.  Rose,  Pogg.  24, 157.) 
— Chloride  of  cobalt  ia  likewise  obtained  by  heating  the  sulphide  in  ■ 
stream  of  chlorine.  (Fellenberg.) — 2.  By  evaporating  the  aqueous  solution 
of  chloride  of  cobalt  to  dryness,  till  the  red  colour  of  the  liquid  chani^lo 
greenish -blue, — The  chloride  thua  obtaineil  is  a,  blue,  loosely  coherent 
mass,  which  does  not  turn  red  on  cooling,  hut  only  on  exposure  to  tbe  ftir, 
the  change  being  then  due  to  absorption  of  water.  When  strongly 
ignited  in  a  retort  (Proust,  Buuholz),  or  in  a  tube  tbrongh  which  cbloripe 
is  piiased  (Fellenberg),  it  subllmeH  after  fusing  (Proust),  or  without  fusing 
(Fellenberg)  in  soft,  loose,  crystalline  spangles,  which  are  slippery  to  the 
touch,  and  flax-bloBsom-coloured,  according  to  Prouat,  bine  according  to 
Biicliolz,  and  bluish-green  aocordiug  to  Fellenberg.— Chloride  of  coWt, 
when  fused  with  phosphorus,  yields  chloride  of  phosphorus  and  phosphide 
of  cobalt.  (H,  Rmc,  /"oj/sf,  27,  117.)  It  is  decomposed  by  phosphuretted 
hydrogen  gas  as  easily  as  protoebloride  of  copper.  (H.  Rose.)  With  oil 
of  vitriol,  even  when  cold,  it  gives  off  hydrochloric  acid  and  chlorine  [I] 
ga.'i,  and  forms  aulphate  of  cobalt-oxide.  (A.  Vogel.) — With  aqueous 
hypochlorous  acid,  it  evolves  clilorlno  gas  and  yields  a  precipitate  of 
hydraled  sesquioxide  of  cobalt.  (Balard.) 


CI 

35-i 

54 '55 

CoCl 

e4'9 

...       100-00 

COBALT  AND  FLUORINE. 


RydraUd  and  Aqueov*  Chloride  of  Cobalt,  or  Hydroehlorate  of 

oxide. — Clilnrido  of  cobalt,  even  afWr  aabliraation,  takes  up  water 
turna  red  on  oipoaore  to  the  air,  and  ia afterwards  easily  soluble 
but  tbe  sublimed  chloride,  if  not  previously  exposed  to  the  air  for  a 
BulGcient  time,  requires  12  houra  or  more  tu  effect  its  complete  soluttoD. 
(Proust,  Bucholz,  Fellenbcrg.) — The  eame  liquid  is  obtained  by  dis- 
solviug  the  pure  hydrate  or  carbonate  of  cobalt-oxide  in  bydrochlorio 
acid,  or  by  dissolving  the  metal  in  hydrochloric  acid  or  aqua-regia. 
— The  red  solntion  evaporated  and  cooled  yields  crystals  belonging  to 
the  oblique  prismatic  system.  Fiff.  lOt,  but  without  the  b-  or  e-faco 
or  the  face  below  it.  i:u  or  w'  =  109°  31';  i:t  =  122"  20';  t :/  behind 
=  106^20';  (  :/=:131"20';«  :  rf  =  7T°  20';  «:(=  128''  40".  CleavagB 
dietiact  parallel  to  i,  loss  distinct  parallel  to  u.  (Brooke,  ^Hfi.  fhU. 
23,  364.)  The  crystals  are  carmine-coloured  and  do  not  deliquesce  in 
the  air.  According  to  Preuat,  who  probably  obtained  them  from  an 
acid  liquid,  they  are  blue,  ami  turn  red  in  the  air  by  absorption  of  water. 
The  carmine-coloured,  aqueous  solution  of  dry  chloride  of  cobalt  or  of 
tbo  crystals,  turns  blue  when  uiixcd  with  strong  hydrochloric  acid  or  oil 
of  vitriol,  the  change  taking  place  sooner  the  lower  the  temperature, 
Tbe  red  colour  is  restored  by  addition  of  water,  and  partly  also  by 
flooling.  The  more  dilute  solution,  if  it  contains  free  acid,  likewise  turns 
Uoe  when  evaporated  by  heat  or  in  vacuo  over  oil  of  vitriol.  (A.  Vogel.) 
.In  a  ^milar  manner,  marks  made  on  paper  with  this  solution,  turn  bine 
whenever  the  [laper  is  heated,  and  resume  their  pale  red  colour  on 
exposure  to  the  air,  doubtless  by  recovering  their  water.  If  tbe  cobalt 
■olution  contains  small  quantities  of  ferric  oxide  or  larger  quantities  of 
niokel-oxide,  the  blue  colour  is  replaced  fay  a  bluish-green  or  a  green  tint. 
The  liquid  discovered  by  Waiti,  called  Hellot't  Sympathetic  Ivk,  is  a 
aolntioD  of  this  kind ;  it  may  likewise  bo  prepared  by  dissolving  zaffre  in 
Itydrochloric  acid,  or  by  mixing  cobi&lt-nitrate  with  sal-ammoniac  or 
Oommon  salt. — Since  anhydrous  chloride  of  cobalt  is  blue,  the  blue  tint 
iRppears  to  result  from  the  formation  of  this  compound :  heat  drives  off  the 
iWater,  and  strong  acids  abstract  it.  If  the  existence  of  hydrogen-acid 
nlta  be  assnmcd,  we  must  suppose  that,  when  this  change  of  colour  takes 
,|llace.  the  red  hydrochlorate  of  cobalt-oxide  is  converted  into  blue 
'diloride  of  cobalt;  on  the  contrary  supposition,  the  explanation  will 
«rhaps  be,  that  the  solution  of  hydrated  chloride  of  cobalt  in  watery 
[quids  is  red,  while  that  of  the  anhydrous  chloride  ia  blue. 

Cobalt  cannot  be  converted  into  a  eesqui chloride  by  treating  it  with 
'  tly  prepared  solution  of  the  hydrated 


CiAail-      ^1 

and       ^H 

•\  water;  ^H 


of  chlorine;  but  the 
:«Hqnioxide  in  cold  hydrochl< 


B  acid  contains  this  compound.  (Winkel- 


T  B.  Chlorate  op  Cobalt-oxide.— CoO,C10'-l-6Aq.—CryBtal]iies 
In  cubes  combined  with  octohedrons.  Decomposed  by  ignition  into 
Alorine,  oxygen,  and  a  residue  of  oxide  and  chloride  of  cooalt.  (Wachter, 
4wn.  J'Kana.  52,  233.)  T 

Cobalt  and  Fldobine. 

A.  FLUOBinB  op  Cobalt  an<l  Hyokofluate  op  Cobalt-oxidh.-^ 
The  colotion  of  carbonate  of  cobalt-oxide  iu  excess  of  aqueous  hydro- 
i^DOric  acid  ileposits  on  evaporation,  as  the  free  acid  escapes,  a  rose- 
*»loured,  crystalline  crust.  (Gay-LuBBHC  &  Thenard.)     The  compoaitioii 


e^Btuwng  hj^ntBoric  acid,  alM  »  ansU  ^ouititiM  of  puc  coM  wstw, 
Iitnning  »  MinnteJ  ioliiti««  wktek  Bgwa  vi«M>  eryatala  un  eTapora^j 
Ini,  (m  boiling  wiih  l»rg*r  analiUa  vf  wtUr,  tbe  erjrsuUitie  cn»l  ia 
tsaolvcd  iota  ma  add  aalt  vbiek  liiwhM  mad  ike  composod  B.—F'luuridi 
•fcoUt  BBlles  witfc  tfc*  iwnriilw  of  the  ■Ikali-neuls,  Ewnin;  Efar'ta^j 
twUe,  ili^tlr  c<ik>ar«<l  nita.  (B«mU<u.) 

B.  OxTFLCoRiDE  OF  CoRAtT.— a(CoO,CoFl  +  HO. — Prodaced  in  tbe 
tarn  of  a  pale  ml  powder  «-bea  flaoriile  of  i^Jnlt  u  boiled  with  w>ler,  nr 
vh«D  lanaoiM  hjrdroflaoncaodiadigede<lwiUie««sor<Ml)BlL-eariMBatt- 
(Benebiu,  Pcffg.  1,  26.) 

COBUT   AiCD  NmOSEH. 

A.    NlTRATB  OF  COBALT-OXIDB,   Or    CoB41.T-JfITR*TB. O.    Stxtotk.— 

The  bloe  precipiute  produecil  hy  adding  exc««  of  umnoiu  to  a  «dl 
boileil  ttulutioD  of  moDuDitnte  of  cobBlt-oxide,  the  air  beinfr  caMftflj 
•xcluded. — Od  the  slightest  ucccsa  of  air,  llie  preripitate  qtucbtjr  unoui 
a  gnse-greeo  colour,  aod  gradaally  rediscoWes  in  tbo  Iii|D>d:  bnt  tfce 
portion  wliich  remaina  undisaolfctj,  if  irashcd  bv  rep«at«d  agitation  'hli 
tboronghly  boiled  water— acc«^  of  air  being  prevented  as  nmcb  a«  poeaiUe 
— aod  tben  tjnickly  dried  between  folds  of  bibnloas  p^per,  dries  up  lo  t 
gnat-green  powder.  Thi^  powder  when  heated  gives  off  water  and 
acquirea  a  darker  eolonr;  when  disMilved  in  cold  nitric  or  acetic  add,  it 
leave*  brown  Qake«  which  do  not  dissolve  till  the  liijuid  u  healed.  It 
toma  brown  when  boiled  with  e»ostic  potash,  which  abetiacts  tbe  nttric 
add,  but  <loee  not  give  rise  to  evolution  of  ammonia.  Aqueoua  oxaGo 
■fid  converts  it  into  pale  red  oialato  of  cvbalt-uiide,  hut  the  greenid 
colour  of  the  solution  likewise  indicates  the  fonuation  of  cobaltoeo-cobahie 
oxalate.  The  green  precipitate,  if  inmereed,  while  freeh,  in  wnier  «m- 
tained  in  a  vessel  exposed  to  the  air,  ts  gmdually  tuoverted  into  YcUt* 
bjdrate  of  cobaltoEo-cobaJtic  oxide  (p.  32b'),  white  the  water  taJEa  tf 
monobasic  cob&lt-nitrata  and  turns  red. 
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The  Mne  precimtate  must  be  regarded  as  the  pure  sexbasie  salt;  tb 
green  conjpound  coataius  a  em&U  quantity  of  yellow  cobattoso-culialtw 
hydrate;  neverthele.^s  it  appears,  from  tbe  quantity  of  carbonic  acid  wbiek 
it  evolves  when  heated  with  oxalic  acid  and  a  email  quantity  of  water, 
that  it  only  conlains  0-.502  per  cent  more  of  oxv^n  than  it  sboofd 
contain  if  it  consisted  wholly  of  a  salt  of  the  protoxi'de.  (WiokolMech.) 

b.  Monobatic. — Formed  by  dissolving  the  metal,  the  pmtoxide,  tiM 
hydruted  protoxide,  or  the  carbonate  in  dilute  nitric  acid. — The  carmine- 
coloured  solution  yields  red  crystals  on  evaporation.  They  deliquesce  in 
moist  air,  aud  contain  6  atoms  of  water.  (Millon,  Compt.  rend.  14,  905.1 
.They  fufto  below  1Q0°,  and  at  u  higher  tem|ieraturs  give  off  wale^  ana 
.melt  into  a  violet-rcd  liquid,  which  uftunvardit  becomes  green  and  ihickiali, 
ullimately  converted,  witli  violent  intumescence  and  «Tolatta>  of 
I  funitis,  iutu  blade  ses^aioxide  of  cobalt.     Chanct«is  wiitMn  » 


COBALT  AKD  NRROOEN. 


[taper  with  the  solntion  of  this  salt,  a. 
erer  the  paper  is  heat«d.  (Proust) 


e  a  peach-bloseom  colour  when- 
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Protosid«  of  cobalt  netlber  dissolves  not  aofiurs  any  alteration  when 
immeKed  in  aqueous  Ammonia  cither  warm  or  cold;  bat  if  an  ammoniacal 
salt  be  added,  und  the  air  has  itcceas  to  the  liquid,  the  osdde  dissolvw 

and  fonua  b.  browu  solutiuu.   (WinkelblccU.) 

B.  Carbonate  of  Cobalt-oxiue  awd  Ammonia. — Oobalioto-amtnonxc 
Carbonate. — Formed  by  diMolving  carbonate  of  cobalt-oxide  in  aqueous 
carbfiDute  of  ammonia,  or  in  pure  animonia,  whereby  the  oxide  is  sepa- 
rated out;  or  by  dJeaulving  hydrated  cobalt'Oxide  in  carbonate  of  am- 
monia, whereupon  ammonia  ia  perhaps  ect  free.  Carmine-coloured  liquid 
vhich  IB  not  rendered  turbid  by  water,  ho  lon^  as  it  contains  but  a  slight 
«xee88  of  ammonia.  (Proaat.)  When  exposed  to  the  air,  it  deposils  amall 
nystals  of  cobalt  carbonate. 

The  rosenioloured  solution  of  MtlaphoKphaU  of  cfAalt-oxide  in  Am- 
tia  yields  no  deposit  on  exposure  to  the  air,  even  if  it  be  evaporated 
i»  dw  consistence  of  a  symp.  (Persoz,  Ann.  Ckim.  Pkyi.  dC,  333.) 

C.  Cob  ALTO -HYPOSULPHATK  OF  Ammoma. — A  Concentrated  solution 
•f  hypoenlpbale  of  cobalt-oxide,  mixed  with  ammonia  and  heated,  yields 
"  green  precipitate  and  a  riolet-red  liquid  from  which  red  crystals  are 

Bpusileil  in  the  cold.  The  mother- liquid  becomes  turbid  when  evapo- 
nt«d,  from  deposition  of  hydrated  cobalt-ozide,  and  ultimately  Tields 
OTslsIa  of  byjiosulphate  of  ammonia. — Red  rectangular  prisma  wbicn  soon 
tarn  brown  and  lose  their  lustre.  With  water  they  are  resolved  into  a 
r«d  solution — which,  besides  a  small  quantity  of  cobalt,  contains 
ammonia  and  hyjHjsnlphate  of  ammonia — and  green  flakes,  which  contain 
cobalt  and  hyposulphuric  acid  but  no  ammonia,  dissolve  in  cold  hydro- 
rio  acid  with  evolution  of  chlorine,  and  probubly  consist  of  ba^io 
byposulphatc  of  cobalt-oxide.  (Rammelsberg,  Po^g.  oS,  296.) 
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!).  AMMofiio-auLPnATE  of  Cobalt-oxide.— Anhydrous  sulphate  of 
oobalt-oxido  absorlw  6C-48  per  cent,  of  aramoniiu-al  gas,  with  strong 
•Tolntion  of  heat  and  considerable  tumefaction,  and  forma  with  it  a  very 
mU  reddish- white  powder.  At  a  moderate  red  heat,  thia  substance  melts, 
'ninu  blui',  gives  off  a  large  4uautity  of  ammonia,  and  yields  a  small 
mbliniato  of  sulphite  of  ammonia.  It  dissolves  in  water,  forming  a 
nddish  solution,  with  separation  of  green  flakes.  (H.  Rose,  J'ot/^. 
SO,  152.) 


I 


^ 


M.  Sn^KATS  or  Co^Aa-crxtam  axd  AtnroinA. — KeA  tryniiia^ 
>'B'O.SO'  +  CoO.S0*+«A^  mamatfkoma  «Uk  tluM  oC  nilpbUe  d 
Mg«Bsa  mad  aiMMNua.  (Hitacfaet&b,  mqi.  Prwut,  iV.  GM^  3,  411.) 

F.  Ajciiacra»-to»m  «r  Cornea, — fiiiame. — Dry  todHa  of  wAtlt 
baaoMMi  almagiy  WMod  a  ■  almai  «f  aauMuaeU  gas.  swelUsg  n 
■JbmUag  SSfftS  fm  wmL  tt  th»  gia,  aa<l  is  eoarerted  into  » 


ed  into  ft  raottH 
oobklt  form*  vilft 


fc.  AOdM.— Tbs  emt»nliftte4  NlalMa  of  iodide  of  oofaklt  romu  « 
■BHoak  ft  nwUiiii  ■liJIn,  poliMftlwit  fndplaie,  which  4iseolre«  «rlwa 
hritnd.  loftrin;  oolj  ft  few  dack  Knen  flakei,  and  ronns  ft  violet  ti^sjd; 
tbtt  wlfttion  aamuwM  ft  deep  nd  eoloor  o»  eooling.  Kod  aoon  deponta 
■■ftll  roM-oolottnd  erjvtais,  bftviag  tb«  aftme  compositiott  as  the  i«d<liili- 
vltite  powder.  Tbe  erystftU,  wben  bested,  kftre  »  reatdae  of  iodide  of 
cobftlt;  ftnd  wben  this  rendae  u  diatolred  in  wftter,  19  per  cent  of 
oxj-iodide  of  eobftit  lemftioa  nndiaBolved,  nnd  ftmmoDia  and  water  are  Kt 
free.  Tbe  vftter,  which  amoDotd  to  between  3  aad  7  per  cent,  doee  not 
appear  to  l)e  euentiftl  to  the  con^tntion  of  the  euoipound;  it  doee  noli 
however,  CMape  till  the  temperature  is  raised  above  100",  and  caBBOt 
therefore  be  removed  withont  decoropositioo  of  the  eubetance.  The 
ciyalals,  even  when  dried  in  the  ait,  give  off  ammonia,  iDrabrownuli,  and 
afterwards  green.  Wbeo  the  crystals  are  dissolved  in  water,  ammonia  is 
■et  free  and  oxy-iodide  of  cobalt  aep&ratee  in  green  Qakes;  the  coloorleM 
liqaid,  which  contains  much  iodine  and  a  small  quaatity  of  cobalt, 
acqaires  a  rediUeb  colour  by  exposnre  to  the  air.  (Rammersberg,  Pcyj. 
48,  155.) 

j\ftrr  dabielmf  Ikt  i^airr-  RaBuneUberg. 
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G.  loDATE  OP  Cobalt-oxide  and  Aumonia. — The  red-browD  nA^ 
tioo  of  cobalt-todate  in  ammonia  yields,  on  tbo  addition  of  alcohol,  a  pah 
rose 'Coloured  precipitate,  irhicb,  when  heated,  first  becomes  yellowiab- 
brown,  then  black,  and  gives  off  ammonia,  iodine,  oxygen  ga^,  and 
water.  The  componnd  b  likewise  decomposed  by  water.  (Rammelsberg, 
Poffff.  44,  561.) 

H.  Amuonio-brouide  of  Cobalt. — Anbydrons  bromide  of  cobalt 
absorbs  iLninioniacal  gas  and  is  converted  into  a  red  powder,  which  tnnu 
brown  after  some  time.  This  substance  gives  off  Its  ammonia  when 
heated.  Water  immediately  reeolres  it  into  green  flakes,  which  contain 
bromine  even  after  washing,  and  a  light  brown  ammoniacal  liiinid,  which, 
~beR  ernporated  over  oU  of  vitriol,  leaves  a  brown,  ftmorpboita  mass; 


the  latter  dissolves  m  water,  forming  a,  red-brown  solution,  and  le&rea 
S  residue  of  brown  hydrated  sesquioside  of  cobalt.  (Rammel^berg,  Poff^. 
55,  245.) 

RimmeIib«Tg. 
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I.  Ammonio-iaquibromide  of  Cobalt  i — A  concentrated  solution  of 

bromide  of  cobalt  saturated  with  ammonia  yields  blue  Bakee  and  a  red 

Uqoid;  the  former  qnickly  turn  green  wben  exposed  to  the  nir;  the  latter 

tnms  brown  and  HometiniCB,  thoneh  rarely,  yields  a  few  red,  square  tables. 

These  crystals,  when  heated,  gire  off  ammonia  and  hydrobromate   of 

wnmonio,  then  bromine,  and  leave  a  green  residue  of  bromide  of  cobalt. 

They  dissolve  in  water,  forming  a  red  eolution,  which,  soon  after  boiling, 

becomes  turbid,  gives  off  ammonia,  and  yields  a  brown  precipitate  of 

bjdrated  sesijuioxide  of  cobalt;  potash  does  not  precipitate  the  hydrated 

oesquioxide  till  the  liquid  is  tKiiled.     The  crystals  are  probably  a  com- 

rand  of  sesquibromide  of  cobalt  with  ammonia. — When  the  solution  of 

omide  of  cobalt  supersaturated  with  ammonia  and  turned  brown  by 

'exposure  to  the  air — in  which  state  it  gives  no  precipitate  with  alcohol — 

MDtly  evaporated,  it  deposits  brown  hydrated  «csquioxide  of  cobalt; 

id  the  filtrate,  if  left  to  evaporate  over  oil  of  vitriol,  dries  up  to  a  brown 

us,  which  may  bo  freed  oy  washing  with  alcohol  from  the  admixed 

nystala  of  hydrobromate  of  ammonia.     The  brown  rcsidne  dissolved  in 

■^  small  Quantity  of  water  and  filtered  from  the  reproduced  hydrated 

'jwsqaiosiae,  deposits,  on  the  addition  of  alcohol,  a  brown  powder  which 

contains  ammonia,   and   forma   a   dark-coloured  solution    in  water;    it 

.contains  20-39  p.  c.  ammonia,  22-67  cobalt,  37'75  bromine,  and  a  large 

.quantity   of  water— probably  SCo'O',  SCo'Br^,  15NH'-|-20Aq.    (Ram- 

neltberg.) 

K.  Cobalto-broTnaie  of  Ammonia  t — Bromate  of  cobalt-oxide  heated 
■with  ammonia  forms  a  blue  precipitate  which  turns  green  in  the  air,  and 
ft  dark  red  solution  which  acquires  a  dark  brown  colour  by  exposure  to 
the  air,  and  when  sufficiently  concentrated  and  exposed  to  a  low  tcmpera- 
iore,  deposits  red  needles.  If  it  be  then  evaporated,  it  becomes  turbid 
and  deposits  brown  hydrated  sesqnioxide ;  and  if  afterwards  filtered, 
mixed  with  a  small  quantity  of  ammonia  and  evaporated  over  oil 
,of  vitriol,  it  depofils  dark  brown  spherical  aggregates  of  small  crystals, 
which  are  apt  to  decompose  and  exhale  brommo  during  drying.  They 
deliquesce  in  the  air  with  tolerable  rapidity  and  form  a  brown  mass; 
4imolve  without  turbidity  in  water;  evolve  chlorine  [bromine)]  when 
treated  with  hydrochloric  acid,  and  ammonia  when  treated  with  potash, 
}ijrdrated  seequioxide  of  cobalt  being  precipitated  in  the  latter  case. 
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According  to  this,  the  compound  should  be:  NH^Co'0■  +  6(NH',BrO')  + 
I2A<1,  or  if  coballio  acid  be  euppoaed  to  be  pieaout  instead  of  the  aeaqni- 


iua  kU^vM,  ttte  ronnak:  (4NH*+Co'0',  3BtO*+9A^  +  SNH^  BtC. 

L,  Amrono-rBLORisE  of  Cobalt. — Dry  chloride  of  cobalt  tmj 
npi^r  tlworiM  5243  per  reiiL  of  anuaiMiiacaJ  gu,  tbe  combination  being 
•ItenJed  with  rue  of  tempenUvre  sad  iatiuieaeence;  tbe  product  is  x 
bolkj  powder  of  »  Ttry  pale  Rddiali-vliite  ooloor.  This  Bubstanco  when 
ignited  giree  off  a  lu^  qaaatity  of  wnHKioiB  mntl  a  little  ^al-ammoDius 
■■d  Iwes  k  Ub«  bum  oolj-  p&rtiallj  solnble  in  water.  Tbe  nnigniled 
B«v4er  foniw  a  red-brawa  aalotion  in  water,  green  protoxide  of  oab>H 
W^  •epanted.  (H.  Boet,  Pogg.  20,  157.)  ^ 

H.  Rose. 
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M.  FLroRiDK  OF  Cobalt  A.ti>  Axmo^tcv. —  Palp  i 
granules,  Bligbtly  lolabic  in  water.   (Benclias.) 

N.  NuTUTE  OF  CoBALT-oxrDB  ASD  Ammokia. — Formed  by  n 
a  aolntion  of  cobalt- nitrate  [contaiDing  excess  of  acid  T]    with  r  — 
RoM-rolonred  cubes  aod  fnnnel-shajied  muwa  like  tboae  of  com 
permaDenl    in  tbe   ur,  baring  a  nrinons  taste,  and   deflagrating  t 
led-hot  cmeible,  like  nitrate  of  ammonia.  (Th6n*rd,  ScKer.  J.  10,  428.) 

O.  CoBAiTO-KiTRATE  OP  Ammoma. — A  perfectly  nentrat  solution  of 
cobalt-nitrate  yields,  with  ammonia,  a  blac  precipitate  which  soon  tuni« 
green.  Tbe  liquid  becomea  brown  in  the  air;  and  if  it  be  shaken  np 
with  air  for  tome  time  in  a  closed  rewel,  uiygen  is  absorbed,  and  th« 
whole  of  tbe  green  precipitate  nitjmalely  dissolved.  (According  to  Win- 
teliilech,  the  precipitate  ia  but  partially  rcdiasolved.)  The  clear  dark- 
brown  solution  tbos  obtsuocd,  deposits  at  a  low  tcmpcmture  brown,  tiaof- 
parent,  fonr.-^ded  prisms.  If  the  cobalt-solntion  contains  excess  of  nitric 
acid,  it  forma  with  ammonia  a  cleaJr  red  mixture,  which,  when  agitated 
with  air,  is  converted  into  the  same  brown  liqnid. — An  i>.cid  solution  of 
cobalt-nitrate  supersaturated  with  ammonia  in  a  tube  filled  with  oxygen 
gaa  and  BtandiD^  OTer  mercury  (whereby  no  turbidity  is  prodnoed)  and 
then  agitated,  absorbs  3'9  pis.  (nearly  \  At.)  of  oxygen  for  every  37'5 
ptfi.  (1  At.)  of  protoxide  of  cobalt  dissolved.  This  would  indicate  ihs 
formation  of  sesquioxide  of  cobalt,  nero  it  not  that  we  may  suppose  that 
part  of  the  cobalt  remains  in  solation  as  protoxide,  and  that  certain 
decompositions  of  the  liquid,  e.  ^.  the  evolution  of  nitrogen  by  potash, 
eeem  to  denote  a  higher  degree  of  oxidation. 

The  crystals  dissolvo  without  docompoBition  in  aqueous  ammonia,  and 
form  a  brown  solution ;  but  in  water  they  dissolve  but  partially,  trith 
evolution  of  nitrogen,  and  separation  of  brown  hydrated  sesquioxide 
of  cobalt.  When  exposed  to  the  ^r,  they  become  dull  and  reddish, 
probably  from  loss  of  ammonia  and  absorption  of  carbonie  acid. — The 
orown  liquid  obtained  by  supersaturating  nitrate  of  cobalt-oxide  with 
Ammonia,  and  agitating  with  air,  ^ivea  off  nitrogen  gas  when  heated,  and 
BBSumcs  a  red  colour,  but  remains  clear.  (According  to  Hess,  the  liquid 
^.nvbo  boiled  without  decomposition.) — When  exposed  to  the  open  air,  it 
"red  from  loss  of  ammonia  and  absorption  of  carbooio  acid,  and 

I  ^fii»  faydrated  sestjoio^dQ  of  cobalt.    With  potash  at  ordinary  tempo- 


COBALT  AND  POTASSIUM. 

ntam,  it  eiowly  evolves  nitro^n,  anil  dyposifa  brown  Iiydraled  s 
oxide.     (According  to   Hess,  it  forms    a  aingy  green  precipitate   with 
pot&afa.  Dot  in  tbe  colil,  but  on  the  applicntion  of  htat,  and  tiic  decoiiipo- 
ntioD  takes  plnce  wiiliout  evolution  uf  gas.     Aecording  to  Winkelblecb, 

introduced 


■Ibo,  no  nitrogeo  is  evolved  in  this 
potash  into  a  quantity  of  tho  brown  li<]uid  stnnding  over 
Invariably  obtaineil  an  evolution  of  gas.) — Tlie  liquid,  wbe 
HDoldaulphuric  ot  tutrle  add,  gives  off  oxygen,  and 
eolonr.  (Gm.) 


?rcury,  and 
nixed  with 
a  pale  red 


The  eulphate  and  hydrocbloratfl  of  cobalt-oxidp  exhibit  totally  dif- 
'  fateat  reactions  with  ammonia. 

Neutral  Sulphate  0/  Cobalt-oxide  forms  with  ammonia  a  copious  blue 
■ecipitate  which  soon  tuma  green,  a.uJ  if  Hgitated  with  air  for  some 
time,  beconiee  brown,  but  iloes  not  dissolve;  tbe  supernatant  liquid  is  reil. 
•^If  the  solution  of  the  sulpbaie  is  previonsly  supersaturated  with 
J  mtlphuric  acid,  it  yields  with  ammonia  a,  pale  red  mixture,  which  becomes 
■ale  brown  on  a^tatiun,  and,  in  the  course  of  24  hours,  deposits  a  few 
brown  transparent  crystalline  tables,  the  liquid  itfself  assuming  a  pale 
jed  colour. 

Neutral  ffydrodtioraU  of  Cc/xjlt-oxide  yields  widi  ammonia  a  copious 
yUue  precipitat«,  which  Hoon  turns  green,  and  if  agitated  with  air  assumes 
p  brawn  colour,  but  docs  not  dissolve  ;  the  supernatant  liquid  is  pale  red. 
•—If  the  eolation  has  been  previously  mixed  with  sal-ammoniac,  the 
■ddition  of  ammoniac  produces  a  clear,  pale  red  mixture,  which,  when 
gitnt«d  with  air  in  a  close  vessel,  soon  becomes  light  brown,  then  dark 
town,  and  thereupon  yields  abrown  precipitate,  whde  tbe  liquid  resumes 
ile  red  colour. 

With  Sulphate  of  Cohalt-oxide  and  Patath,  ammonia  produoea  first 
I  blue,  then  a  green,  and  lastly  a  brown  precipitate,  and  a  colourless 
'liquid.  (Gm.) 


fe 


Cobalt  and  Potassium. 

A.  CoBAi-TiTE  OF  Potash. — a.  Protoxide  of  cobalt  dissolves  in  fused 
lydrate  of  potash,  forming  a  clear,  blue  liijuid,  which  when  heated  for  a 

imewhnt  longer  time,  becomes  brown  and  solid,  while  the  cobalt  sepa- 
ktas  out  in  the  form  of  sesquioxide.      The  blue  liquid  forms  a  blue  mass 
jDO  solidifying.  (Gni.) 

b.  When  a  cobalt-solution  is  dropped  into  etrong  boiling  potash-ley, 

blue  precipitate  lirst  changes  into  the  red  hydrate,  and  afterwards 

dissolves,  forming  a  blue  solution.      This  solution,  when  diluted  with 

iter,  deposits  the  cobalt  in  the  fonn  of  hydrat«d  protoxide,  and  if  the 

I  air  has  access  to  it,  in  the  form  of  sesquioxide  (Proust);  see  also 

Valker  {Ann.  F/iai-m.  59,  34). 

B.  Carbonate  of  Cobalt-oxide  ahd  Potash. — a.  Cobalt-oxide  dls- 
elves  pretty  freely  in  carbonate  of  fiotash,  when  heated  with  it  before  the 
tlowpipe  on  platinum;  the  mass  appears  black  when  cold.  (Berieiius.) — 
.  The  hydrate  and  carbonate  of  cobalt-oxide,  but  not  the  ignited  oxide, 

solve  in  etrong  carbonate  of  potash,  forming  a  red  solution,  which  is 
preoipitated  by  £lntion  with  water,  but  not  by  heat.  (Proost,  Gmelin.) 


COBALT. 

C.  SiTiPHATB  OP  CoBALT-oxn»B  ABD  PoTAHa. — Red  crystals  hsTinj 
the  mmc  form  tu  those  of  eulpb»(e  of  magnesia  and  atnnioiiia.  (MiUcber- 
lich.)  The  crysUla  are  somewhat  lew  soluble  in  water  thaji  cho»  of 
cobalUuJphate.  (Proa&L) 

CrfitaUittrd.  Miudwriich'a  CaleoUtian.         Praiut. 

KO  47-a     ....     SIS8 

CoO 3;-S    ...     17-15 

280" 80-0    ....    36-58 

6B0 540    ....     24-69         ....         26 

KOiSO"  t  CoO,SO*  +  6Aq.    .._ 218-1     ....  10000 

D.  Fluoride  op  Cobalt  and  PoTASenm. — Pale  red,  grannl&r  crystah, 
eligbtly  Boloble  in  water.  (Beraeliiu.) 

Cobalt  and  SoDitM. 

A.  CoBALTiTE  OF  SoDA. — Cobaltoxide  beh*Tee  with  eoda  in  the  ome 
manner  as  with  potash, 

B.  Carbonate  op  Cobalt-oxicb  akb  Soba. — a.  Carbosate  of  »od> 
healed  od  platinum  before  the  blowpipe  with  protoxide  of  cobalt,  dissolm 
much  Ices  of  tbnt  oxide  than  carbonate  of  potash;  the  ntaes,  while  in  tb« 
fused  state,  appears  reddish  by  transmitted  light;  on  cooling  it  tuna 
grey.  (Borzeliua.)  —  6.  On  supcrsaturatinj;  a  cobalt-salt  with  elroni 
carbonate  of  soda,  the  red  precipilate  redusolves  and  forms  a  red 
eolutioD. 

C.  and  D. — Coljalt-salta  dissolve  in  fused  Borax  or  Aficroeotmic  Salt, 
forming  a  clear  blue  glass,  the  colonr  of  which  is  so  strong  that  it  appeals 
black  if  the  quantity  of  cobalt'is  somewhat  large. 

IT  E.  METAPnospiiATE  OP  Cobalt-oxide  and  Soda. — Pbnsi^oris 
acid  prepared  nnd  purified  by  Gregory's  method  (II.  130),  and  atill  con- 
taining magnesia  and  foda,  is  mixed  with  solution  of  cobatt-^ulphate,  tbo 
liquid  evaporated  to  a  syrupy  consistence,  and  the  residue  heated  nbore 
316°. — The  salt  thus  obtained  is  of  a  fine  rosC'Colour;  it  is  insoluble  il 
water  and  dilute  acids,  but  dissolres  in  strong  eulpkuric  acid. 

Mocfdrv! 

6CoO 225-0    ....     2977        ....        30-Zfl 

NaO  " „        31-0    ....      4'H         ....  4-36 

IPO*  ~ 49B-8     ....     6G0S        ....        65'46 

6(i:oOPO')  +  HaO,PO»  7548    ....  100-00       Z.      lOO-lO 

(Maddrell,  Ann.  I-karm.  61,  57.)  T 
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HypopnoBpniTE  op  Cobalt-oxide  and  Lime. — By  boiling  hypo- 

pliospbitc  of  lime  with  oxalate  of  cobalt-oxide  in  excess,  and  evaporating 

cooling  the  filtrate,   red   octobedrons   are   obtained  which  rapidly 

aesce.    When  heated  in  a  retort,  they  erolye  a  mixture  of  kydiogan 
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and  phosphnretted  hydrogen,  not  inflanimable  at  ordinary  temperatures; 
and  leave  a  rcsiduo,  which  is  insoluble  in  hydrochloric  acid,  not  even 
giving  np  its  lime  to  that  acid.  (H.  Rose,  Pogg.  12,  295.) 

CryittUitti.  a.  Row. 

2C«0 _ 56-0  ....  lD-73  ....     18'76 

CoO    37-5  ....  13'22  ....     13-47 

3PO   lIS-2  ....  *\-61  .... 

8H0  720  ....  2538  ..„ 

2(CaO,PO)  -t-  CoO,P0  -fSAq. ....      2S3-7        ....      100-00 


CoBlXT  AND  MaONESIUM. 

CoBALTlTE  OF  Maonesia.— 0.  M&gncsia  ignited  with  cobalt-nitrate 
asflDmes  a  pale  roBe-colonr.  Minerala  containing  magnesia  likewise 
exhibit  a  rose-colour  when  their  powder  is  igniteu  with  cobalt -nitrate, 
provided  they  do  not  contain  alumina  or  a  heavy  metallic  oxide.  {Ber- 
selius.) — b.  When  ammonia  is  added  to  a  mixture  of  neutral  hydro- 
eblorate  of  cobalt-oxide  and  hj^drocblorate  of  magnesia,  a  green  preci- 
pitate is  produced,  which  contains  10  percent,  of  magnesia;  docs  not 
tnra  brown  during  washing,  but  remains  green;  is  insoluble  in  pnre 
■.mmonia  and  enrbonato  of  ammonia,  bat  dissolves  easily  in  sal-ammouiao, 
forming  a  dingy  yellow  solution,  from  which  it  is  again  precipitated 
by  potash,  and  turns  blackish-grey  on  ignition.  (Bcrzelius,  Pog^, 
33,  126.) 

Cobalt  and  Aluminum. 

Aluminate  op  Cobalt- oxide. — When  alumina,  or  a  body  containing 
alumina,  or  the  precipitate  obtained  on  adding  an  alkali  to  a  mixtnre  of 
alumina,  as  free  aa  possible  from  iron,  with  a  cobalt-salt,  is  ignited  with 
eob&it-nitmte,  a  bright  blue  compound  is  produced.  LeilhiKr't  Blue, 
which,  after  ultramarine,  ia  the  best  and  most  permanent  colour  for  oil- 
punting,  and  is  likewise  used  for  colouring  on  porcelain,  is  of  this  compo- 
aition.  ThfnarcCt  Blue,  obtained  by  igniting  hydrate  of  alumina  with 
phosphate  or  arseniale  of  cobalt-oxide,  likewise  belongs  to  this  head. 
T"  According  to  Louyet  {In>tif.  1849,  206),  a  mixture  of  hydrate  of 
alumina  and  hydtated  cobalt-oxide  does  not  assume  a  blue  colour  till  it  is 
heated  to  the  melting  point  of  glass,  a  red  heat  merely  rendering  it  black 
or  grey;  whereas  a  mixture  of  hydrate  of  alumina  with  pliospWe  or 
KTseniate  of  cobalt-oxide,  becomes  blue  when  licatod  merely  to  redness.  IT 


Cobalt  and  Silicivh. 

A.  Silicate  op  Cobalt-oxide. — The  aqneous  solution  of  soluble 
gla«9  produces  with  c^ibalt-salta  a  beautiful  blue  precipitate,  which 
becomes  very  pale  on  diying.  {Fatha,  Ktutn.  Arch.  5,  400.)  The  solo- 
tioTi  of  (juatlrosllicato  of  eeda  gives  no  preoipitate  with  oobalt-solts. 
(Walckner.) 

B.  Htdrated  Flcoridb  of  Siliciuii  akd  Cobalt,  or  Htdroflitatb 
or  SiuoA  AHP  CoBAXT-oxiDB.— Obtained  by  dissolTioe  CAEb<»ik\n  <&   ' 
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cobalt-oxide  in  hyAroflnomHeie  aeid.    F»Ie  red  ifcombofaedrone  sad  mx- 
eided  piismssCoF,  SiP+TAq.,  esmly  eolable  in  wftter.  (BenelinB.) 

C.  Cobalt-glass. — Cobalt-oxide  imparts  to  glass  flaxes  a  deep  and 
pare  blue  colour. — By  fusing  roasted  cobalt-ores  with  quartx-sana  and 
potash,  a  dark  blue  glass  is  obtaine<l,  which  when  palverixed  fonm 
Smali, 


Cobalt  and  TuNoerrEN. 

A.  TuNGSTATE  OF  CoBALT-oxiDE.-— a.  Afotiotungstate. — Alkaline 
monotuDgstates  form  with  neutral  cobalt  salts  a  precipitate,  which  assames 
a  violet  colour  after  washing  and  drying — ^becomes  greenish-blue,  and 
gives  off  water  at  a  red  heat — and  ata  nigher  temperature,  cakes  together 
slightly,  and  becomes  bluish-black.  It  is  insoluble  in  water  and  in  cold 
nitric  acid,  imperfectly  soluble  in  oxalic  acid,  but  perfectly  soluble  in 
heated  phosphoric  or  acetic  acid.  (Anthon.) 

Ignited,  Anthon. 

CoO 37-5         ....        23-81         ....         23*6 

WO» 1200        ....        7619        ....         76-4 

CoO,WO* 157-5        ~      10000        Z       1000 

Dried  in  the  air,  Anthoo. 

CoO 37-5  ....  21-37  ....  21 

WO> 120-0  ....  68-38  ....  68 

2HO 180  ....  10-25  ....  11 

+  2Aq :....         175-5         Z.       100-00         Z       100 

h,  BitungsUUe, — By  precipitating  with  an  alkaline  bitungstate.  Red- 
brown,  insolnble  in  water,  imperfectly  soluble  in  oxalic  acid,  but  perfectly 
soluble  in  phosphoric  or  acetic  acid,  and  in  ammonia.  (Anthon,  /.  fr. 
Chem.  9,  344.) 

Anthon. 

CoO 37*5        ....        13-52        ....         14-28 

2WO*   2400        ....        86-48         ....        85*72 

CoO,2WO«  277-5        Z       10000        Z       100*00 

Anthon. 

CoO 37-5        ....        12-31        ....         13 

2WO> 2400        ....         78-82        ....         78 

3H0    270        ....  8-87        ....  9 

+  3Aq 304-5         Z       100  00         Z       100 

B.  SuLPnoTUNGSTAT?  OP  CoBALT. — CoS,WS\ — The  aqueous  mixture 
of  sulphotungstate  of  potassium  and  a  cobalt-salt,  is  dark  brown,  and  in 
the  course  of  24  hours  yields  a  black  precipitate.  (Berselius.) 


Cobalt  and  Molybdenum. 

A.  MoLYBDATE  OF  CoB ALT- OXIDE. — Dirty  vellow  precipitate,  which 
oeeomes  red  when  dry,  and  is  decomposed  by  alkalis  and  by  the  stronger 
acids.  (Benelins.) 
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B.  SuLPBOMOLTBDATB  OP  CoBALT. — Black-browD  precipitate^  which 
dissolyes  in  the  aqaeoas  potaMium-oompoiind,  imparting  a  black  colour  to 
the  liquid.  (Berzelius.) 

C.  Persulfhomoltbdatb  of  Cobalt. — ^Dark  red-brown  predpitaie 
(BenelioB.) 

Cobalt  and  Vakadidm. 

Vanadiatb  op  Cobalt-oxide. — Motiovanadtate, -^KediiBh  straw- 
yellow,  insoluble  in  water. — 6.  Acid  Vanadiate. — Soluble  in  water,  from 
which  alcohol  precipitates  it  in  the  form  of  a  rusty  yellow  powder. 
(Berzelius.) 

Cobalt  and  CHBounrM. 

Chromatb  of  Cobalt-oxidb.— Monocbromate  of  potash  forms,  with 
cobalt-salts,  a  light  red-brown  precipitate,  probably  consisting  of  a  basic 
salt,  inasmuch  as  the  liquid  retains  its  orange-yeUow  colour.  (Gm.) 


Cobalt  and  Manoanesb. 

Hypermanganate  of  potash  does  not  precipitate  cobalt-salts.  (From- 
herz.) 

Pbroxtde  of  Manganese  with  Protoxide  of  Cobalt. — Black 
Earihy  Cobalt, — Amorohous,  very  friable;  has  an  earthy  and  plano- 
oonchoidal  fracture.  Sp.  gr.  2*22;  colour  brown-black.  When  heated, 
it  gires  off  water  and  oxygen  gas,  sometimes  also  arsenious  acid.  Does 
not  fuse  before  the  blowpipe;  colours  borax  blue :  with  carbonate  of  soda 
on  platinum,  it  yields  mineral  chameleon ;  and  on  charcoal  in  the  inner 
flame,  a  white,  slightly  magnetic  metal.  Dissolves  in  cold,  strong,  hydro- 
chloric acid,  forming  a  brown  solution,  which  turns  blue  when  heated, 
and  becomes  red  on  cooling:  the  act  of  solution  is  attended  with  copious 
evolution  of  chlorine.  According  to  Rammelsberg  (Pogg,  54,  551),  the 
ore  from  Saalfeld  should  be  regarded  as  (CoO;  CuO),2MnO'+4Aq;  the 
quantity  of  manganese  is,  however,  much  too  small  to  agree  with  this 
formula. 

Rammelflbei^. 
At.  Elaek  Earthy  Cobalt,  Saalfeld. 

BaO  —  ....  ....  0*50.    . 

I.A)' *    ••^••v V  «...  Xo/'O  ••••  Ltf  A\9  •••.  l9*4d 

CuO  1  ....  400  ....  4-12  ....  4-35 

MnO 12  ....  4320  ....  44-46  ....  4005 

O    12  ....  96-0  ....  9-88  ....  947 

HO 24  ....  2160  ....  22-24  ....  21-24 

Fe^O^. ..%..% ....■  ••••  ••••  4-39 

~        971*5        ....      100-00    *    ....        99-99 

Yellow  Earthy  Cobalt  is  a  dense  or  earthy  mixture  of  the  hydrated 
arseniates  of  lime,  cobalt-oxide^  and  ferrio  oxide,  and  often  eontuna  a 
small  quantity  of  aotimony, 


A.  Arsenide  OP  Cob  ALT. — a.  A  mixtuie  o{  2  parte  oT  cobalt  miSif 
ponnded  areenic,  yields,  when  heateil,  a  blackish-grey,  poraaa  coicputuid, 
whose  fomiatioD  u  attended  with  the  emiseion  of  a  red  light.  (Qehleo.) 

b.  At  the  blue-colour  works  at  Modum,  the  two  following  allojs  tn 
formed :  a.  Obliquely  trancated  rhombic  needlee,  united  in  taFtt. 
(3.  Large  tables  having  the  metallic  lustre.  (Tl.  Scheerer  &  Fnan^ 
Poffff.    50,    513.)      The    composition   of  both    these    alloys    is    oeulf 


5(Fe;  Co;  Cu)Ab. 

At. 

Scheenrft 
Fnnw. 

Pe 

5 

1350 

10-21 

10-05 

Co 

25 

737-5 

55-70 

Co 

0-M 

A. 

6 

«00 

34-03 

...         S6-02 

S   

0-lS 

132Z-5 

100-0 

...       lOO-W 
Scheenrft 

At. 

Fe 

10 

270 

.        ai-66 

23-15 

Co 

12 

354 

32-32 

31*3S 

Cu 

3 

96 

8-77 

8-90 

Ai 

5 

375 

34-25 

35-SO 

S  ^... 

0-50 

c.  Tin-tehitt  Cobalt,  CohaUi7ie,  SmaUine,  SpeiAobold. — Belongs  to  the 
regular  systeni.  Fig.  I,  2,  3, 1,  and  5.  Sp.  gr.  6-5;  harder  thao  apatiu. 
Colour  tiu-wbite,  inclining  to  ateel-grej;  powder  greyish-black.  When 
heated  to  redness  in  a  retort,  it  yields  a  sublimate  of  arsenic,  and  a  oon- 
nagnetic  compound  containing  less  arsenic.  Heated  upon  charcoal,  it 
givee  off  a  copioas  arsenical  fume,  and  fuses  into  a  white,  brittle,  nietalltt 
globule,  which,  after  being  roasted,  imparts  a  blue  colour  to  glass.  (Bi 
s.)     Hot  nitric  acid  dissolrea  it,  with  separation  of  arsenious  a~-~' 
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from    Riechelsdorf ;  —  I. 

oobaitino,  from  Tonaberg;  sp.  gr. 


is  cryatallizeil    cobaltii 
e,  from  Sclineeberg; — e. 
[?].     According  to  the  preceding  analyses,  the  general  formnla 
of  cobaJtine  la :  (Co;  Fe;  Ni)As. 

IT  A  variety  of  cobaltine,  from  Riecbelsdorf,  remarkable  for  the 
Wge  proportion  of  nickel  which  it  contains,  has  been  examined  hy 
Sartorius  (Ann.  Pharm.  66,  276):  its  compositioa  in  100  parts  is: 
9-17Co  +  U06Ni  +  J42Fe  +  73-53AB=!)8l8.  t 

d.  Tess&ral  PyriUg,  from  Skiitt«md. — Co'Aa'. — Cubes  and  octohedrona 
TPith  the  faces  of  the  cube,  dodecahedron,  and  leucitohedron ;  sp.  gr.  6'78. 


white.  When  roasted 
sublimate  of  metallic  arsenii 
42,  553;  Wohler,  43,  592,) 


open  gUss  tube,  it  yields  a  copious 
acid.  (Th.  Scheerer,  Po^. 


the  glass  blue;  heated 
liquid,  which  deposits  the 
nitric  acid,  with  evolution 
1  ammonia,  in  the  latter  of 


.  AneENiTE  OP  CoBALT-oxiDH,  OF  CoDALT-ABBRNiTE.  —  The  inner 
portion  of  C'obah-bloom  sometimea,  thongh  rarely,  consists  of  this  mineral. 
(Proust.)  The  arsenite  formed  by  milting  a  dissolved  cobalt-salt  with 
&nenit«  of  potash  has  the  form  of  a  roae-coloured  precipitate,  which 
becomes  dark-coloured  and  horny  when  dry.  When  heated  in  a  gloss 
Teasel  it  gives  off  arsenious  acid  and  cob 
potash  roEolves  it  into  cobalt-oxide  and  a  bh 
oxide  on  the  addition  of  water.  Dissulves  i 
«f  nitrous  gas;  also  in  hydrochloric  acid,  and 
which  it  forms  a  dark  re'd  solution.  (Prouat.) 

C.  Arseniate  of  Cobalt-oxide,  or  Cobalt-abseniate. — a.  Terlanc. 
—Occurs  in  iho  form  of  Cobalt-bloom,  which,  according  to  Kersten,  is 
produced  only  by  the  weathering  of  cobaltine,  uot  of  cobalt-glance. 
Long,  needle-shaped,  rhombic  prisma.  Sp.  gr.  2-84  to  30;  leas  hard  than 
gypsum  ;  varies  from  translucent  to  transparent ;  carmine,  columbine, 
or  peachblossom-coloiired ;  yields  a  powder  having  the  same  colour. 
When  exposed  to  the  light,  it  sustains  a  slight  loss  of  weight,  pro- 
bably from  evolution  of  water,  ami  becomes  paler  and  opaque  on  tha 
■nrface.  When  heated  in  a  glasa  tube,  it  parts  with  its  water,  but  does 
not  give  off  araeniouB  acid  ;  the  last  portions  of  water,  however,  are  only 
driven  off  by  continued  strong  ignition.  The  residue  Ib  of  a  amalt-blno 
colour,  if  free  from  iron,  but  an  udraix  turc  of  ferrous  arseniate  renders  it 
Knen'ur  brown.  Green  cubalt-blonm  is  anhydrous  araeniate  of  cobalt- 
oxtdfi  containing  iron.  (Ketston,  Poff^.  GO,  2ul.) 


CobalUl)l(iu\a,  \ns»X«&. 


oa  ebkHMft]  before  the  blowpipe^  emito  fames  of  areenic,  and  taaei  it 
inniir  flitme  into  a  green  be«u]  of  ftn«aide  of  coIibU;  it  colonic  borax  bine. 
Wben  treatcl  with  hot  potaah'SoIutioD,  cubult-bloom  yields  a  ilepusit  oC 
black  protoxide,  and  &  blue  liquid,  M)in  which,  Od  dilutioo  with  wilM, 
tbo  dii»olved  cobalt  is  again  separated.  (Proust,  Kersten.)  Cobalt- bloom 
IB  insoluble  in  water,  but  diaBolves  with  facility  ia  hydrochloric  or  nitric 
acid,  fomiiDS  a  red  solution;  its  solution  in  nitric  acid  is  not  attended  wi^ 
separation  of  arHeiiiousacld,  or  with  evolntion  of  nitric  oxide  on  the  applJ- 
cation  of  beat.  (Proust.)  In  ammonia  it  forma  a  deep  red  solutioo.  U 
disBolres  in  a  weak  solution  of  green  vitriol;  and  on  evaporating  the 
liquid,  white  crystalline  ferrous  arseniate  separatea  onl,  while  cobilt- 
eulpbate  remiuna  in  solution.  (Kersten.)  The  sail  may  be  ob[aiDe<J 
artificially,  by  precipitating  a  cobalt-salt  with  arseniate  ol  soda  ;  it  ibea 
fbmia  a  pcacbbloesom-coloured  predpitate^   which  dries  up  to  a  da^ 

Cotalt-blaom.  Kersten. 

Ac 

CoO A        ....         112-5         ™        37-S7         .„.         36  SI  I 

FcO 

NiO    

AbO*    1         ....         lliO        .-        8B-39         ....        38-tS4 

HO B      „.,        rao        .      2404       ...      8«-iaJ 

2S9-6        ~       10000         ~       ioO^Ml 

Kentea.  I 
At.  i. 

CoO B        ..„         SOU  ....  S3'48  ....        33-42   , 

FeO 1         ....           35  ...  3-91 

NiO 

A.O*    3        ....         345  ..„  38-aO  ....        3810   i 

HO 24        ....         2IS  ...  2411  ■■■■         ii-Og  J 

896  Z  100-00  Z        99-B2    _ 

Kenrtob  \ 
Al.  e. 

CuO .._ 5        .  .         B4-0  ....  7-19  ,...  800 

CoO 9        ....      33r-5  ....  28-86  ....  29-19 

A»0»    4         ....      4600  ....  39-33  ....  3810 

BO 32        ....       2880  ....  2463  ....  23-9tt 

1 169-5  ~  100-00  ~  9919 

a.  ia  from  the  Wolfgang-Maoascn  mine,  noarScbneeberg; — 6,  from  the 
Bappold  mine,  near  Sohneeberj^; — c.  from  the  Daniel  mine,  near  Schncc- 
berg.  This  peculiar  variety  e,  in  which  part  of  the  cobalt  ia  replaced  by 
lime,  occnra  in  Email,  pearly,  light  roae-colouret],  spherical  mosses,  nuuu 
up  of  needle-shaped,  diverging  crystals;  it  yields  a  white  powder.  When 
heated,  it  becomea  violet  but  does  not  evolve  arsenione  acid,  a,  (,  and 
c  were  dried  ut  100'  before  analysis.  The  formula, :  SCoO.AsO'+SAq. 
corresponds  to  that  of  Vivianite  (p.  224).  Kersten. 

Coball-eoativff,  KobaltbfKHag. — Botryoidal;  kidney-shaped  or  massive; 
■eaty  or  earthy ;  opaque,  and  varying  in  colour  from  peacbbloasom- 
red  to  pule  rose-colour.  Produced  by  the  weathering  of  cobaltine,  on 
which  it  imnieiliatcly  rests  May  be  regarded  n^  a  mixture  of  cobalt- 
bloom  and  arsenious  acid,  often  with  it  small  qnantity  of  cabal t-aulphata 
superadded.  When  gently  huateil,  it  first  gives  off  water,  then  a^ 
^pMotity  of  arsouious  acid,  but  no  metallic  arsenic,  and  a,  violet  (^ 


COBALT  AND  ARSENIC. 

hrowa,  if  iron  ia  present)  residue,  which  dissolvea  in  nitric  acid,  bat  (nnleu 
f  iron  is  present)  withuut  evolution  of  nitric  oxide.  The  solution  contains 
^  arsenic  acid,  cobalt-oxide,  and  ferric  oxide,  but  no  arseuiouI^  acid.  Hot 
traenious  acid  from  thia  mineral,  together  with  any 
F iBobalt-solpbate  that  may  be  present.  The  residae  formed  when  the 
L  arseniouB  acid  is  extracted  from  cobalt-coating  by  the  water  of  the  minei^ 
[  Miuista  of  cobalt-bloom.  (Kereten,  I'ogy.  GO,  251.) 


Kentan. 


i. 


ia  Cobalt-coating,  froni  the  Wolfgang'-Maassen  mine  at  Schneeherg; — 
.ik  from  the  Rohling  mine  at  Annaberg  j— c.  and  d.  from  the  Daniel  minf 


A  basic  arseniate  of  cobalt-oxide  ia  found  in  commerce  :  1.  Prepared 

in  the  humid  way;  Chaos  jaeUi/liqjit.  Carbonate  of  potash  is  added  to  a 
solution  of  cobalt-glance  in  nitric  acid  or  aqua-regia,  as  long  as  a  white 
precipitate  of  ferric  araeniate  continues  to  form,  and  the  filtrate  further 
treated  with  carbonate  of  potash,  to  precipitate  the  arseniaCe  of  cobalt- 
oxide. — 2.  Cobalt-glance  is  fused  with  twice  its  weight  of  pota«h;  the 
fiued  mass  exhausted  with  water,  which  takes  up  sulphide  of  potassium, 
together  with  arsenic,  iron,  and  potassiani;  the  white  regulua  again  fused 
iritfa  potasbj  the  resulting  blue  slag  used  for  the  preparation  of  suialt 
(p.  34G);  and  the  arsenide  of  cobalt,  which  ia  thus  obtained  free  from 
iron,  is  pulverised,  and  then  rousted,  first  at  a  gentle  heat,  and  afterwards 
at  an  intense  heat,  till  it  is  converted  into  a  reddish  powder. 

b.  Add  Salt. — The  solutiou  of  the  liyilrate  or  terbaaic  arseniate  of 
«obalt-oxidc  in  excess  of  arsenic  acid,  yields,  by  evaporation  in  vacuo, 
peachblosfiom 'Coloured  needles,  arranged  in  stellate  masses,  and  united  in 
spherules,  resembling  cobalt-bloom  but  soluble  in  water.  If  pieces  of 
eolcspar  are  auspended  in  the  solution  by  a  wire,  small  carmine -colon  red 
needles,  principally  consiating  of  arseniate  of  lime,  attach  themselves  to 
the  calcapar.  (Kersten,  Pogg.  60,  266.) 

D.  SctPHABSEMiTK  OP  CoBALT, — aCoSjAsS'.  —  Dark  brown  precipi- 
tate, which  gradually  but  completely  settles  down  from  the  liquid, 
beeomea  black  when  dry,  and  dissolves  in  excess  of  the  sodium  compound. 
By  distillation  it  yields  orplment,  and  leaves  a  grey,  metallic,  unfused 
mass,  still  containing  sulphur  and  arsenic,  and  prolwibly  analogous  to 
.cobalt-glance.  (Berielius.) 

E.  Sl'lphaksematk  op  Cobalt. — 2CoS,  AsS', — Dark  brown  pre- 
.  flipilate,  black  after  drying,  soluble   in   excess  of  the  sodium-compound 

Used  as  a  precipitant,  and  forming  a  dark  brown  solution.  {Berselios.) 

F.  SeLi'niDB  OF  CuBAL-r  with  Arsknide  of  Cobht. -^ Coiafl- 
;I(in«e/— Belongs  to  the  regular  system,  Figt,  1,  2,  5,  18,  IS.     CleaTage 


COBALT. 

Ermllel  to  the  ca(>»-&ce9.     Harder  than  apatit«.     Sp.  gr.  6-2  to  <!'( 
Jdieh  sitver-wbile,  yieldina;  a  greyiah-black  po«-Jor. — Not  altered  hf 
hotting  out  or  contact  of  w;  when  Btrongly  iniited  in  so  open  tube,  it 

K'tc*  off  araenious  and  anlphuroiu  acid,  and,  according  to  Schoerei, 
avea  a  dingy  violet  powder.  When  lieated  on  charcoal  hefore  tli« 
blowpipe  it  ctnita  a  strong  arsenical  fume,  and,  after  roasting  for  eodm 
time,  may  be  fused  to  a  greyish^nbitA,  brittle  mass  of  arsenide  of  cobalt 
After  roasting  it  colours  borax  blue.  (Beweliua.)  Cobalt-gUnce  heated 
to  whitoness  in  a  charcoal  cractblc,  is  Gret  conrert«d,  with  a  loas  of  33*1 
per  cent,  of  AsS'  (realgar),  into  Co'Ao,  2CoS: 

2(CoA«.Coa')=AjS'  +  Ca*A^ ; 

afterwards,  by  the  continued  application  of  a  rery  intense  beat,  snlpbnr 
ta  evolved  [in  the  form  of  bisulphide  of  carbon  IJ,  and  »  reaidiM  of  Co*.Vi 
left  behind,  which,  however,  generally  retains  S  or  6  per  cent,  of  «ulpbuc 
1 00  parts  of  cobalt-glanoe  if  iiited  at  a  moderate  heat  wit b  500  partt  at 
lead  yield:  a.  398  parta  of  lead  (cootaiuing  07  per  cent,  of  lead  toother 
with  sulphur,  arsenic,  cobalt,  iron,  and  copper);  and  6.  Gi-5  of  arsenide  o( 
cobalt  (containing  4\-iS  p.  c,  cobalt,  3438  arsenic,  1'24  anlphur,  and 
email  quantities  of  iron,  copper.snd  qnarts).  (Derthier,  Ann,  Chim.  Pkfi. 
62,  1 16;  also  J.  pr.  Ckem.  10,  1 5.)  CobiUt-glance  di^olres  in  nitrie  mi 
with  evolution  of  heat  and  separation  of  arsenioaa  acid. 

At.  OAall-glaner.  Stroaiejtt.      J 

Co 2  ...  69  .-  35-5*  ....  33IU         •    ■ 

Pe .-.-  .-  ■■-  «d 

At. „  1  ....  75  ....  45-18  ....  43-47    ^^M 

8  a  ,.,.  32  .-  19'2B  .-,-  2l)'l)a^^M 

166      ~     100-00  siir^^H 

Hsbirt.        Patera.      Ebbiaghiiu.  Schnsbel. 

«.  *.  p.       '    7.  7  7    ' 

Co 30-37     ....    3202     ..,.     S207     , ..    3^-71     ....     29-77     ....      8-67 

Pa _.      5-75     ....      4-5a     ....       3-42     .„.      1-62     ....      638     ....    2S-M 

8b ....  ....  ....  ._.  ....      2-84         I 

Ai 44-13    ....    *3-63    ....     42-97     ....    4531     ....    44-75     ....     4i-M         I 

8  19-75     ....     19-79    ...     20-25     ....     19-3S     ....     19-10     ....     19  98         ' 

Qnuti  -^ .^ 1-63     .  .. 

lOO-OO  ....  lOO'OO  ....  100-34  ,.,,  99-93  ....  100-00  ....  lOO-OO 
H  a.  Massive  cobalt-glance  from  Orawitoia  in  Upper  Hangary. — b.  A 
fibrous  variety  from  the  same  locality.  These  two  varieties  contain  veins 
of  gold  and  native  bismuth;  the  bisninth  amonuting  to  18  per  cent,  may 
be  removed  by  the  saw. — c.  Cobalt-glance  from  Skiittemd.—ti.  From  the 
Horffenrothe  mine  at  Sicgen,  previously  regarded  as  massive  SckriiUmbali. 
,  Cobalt-glance  in  microscopic  but  distinct  crystals,  from  the  PhUif^ 
_  nunff  mine  at  Siegen.— /.  An  ore  from  the  Grren  Lion  mine  at  Siegea, 
formerly  denominated  FU/roua  Earthy  Cobalt.  (JaArfsber,  L.diK.X  847-8, 
1155;  1840,  720.) 

Many  kinds  of  arsenical  pyrites  also  contain  cobalt.  A  variety  from 
Huoseo  in  CLili,  previously  denominated  OlaiKodoU  by  Breithaupt,  hts 
been  found  by  Plattncr  to  conlaia,  in  100  parts, 

S.  Ab.  Cd.  Ni.  Fc  SiO»,  ■ 
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C.   SUL^BATB  OP  COBALT-OXIDV  AND  Zlll(MIZID&— -LuM,  iri,  fo»- 

sided  prism0>  which  disintegrate  in  the  air  and  jiM  %  wnite  powdeL 
(Link,  CrelL  Ann.  1790,  1,  32.) 

Cobalt  and  Tin. 

A.  Allot. — Light  violei-coloared,  somewhat  ductile. 

B.  Stannatb  of  Cobalt-oxidb. — By  mixing  stannate  of  potash  intii 
a  dissolved  cohalt-salt.  Bloish  precipitate,  which  hecomea  roddidi  bj 
washing;  dark  hrown  and  conchoidal  in  the  fracture  by  diying;  Mkr 

coloured  by  pulverization ;  black  by  ignition;  and  light  bine  bj  expofsn 
to  a  white  heat.  (Berzelius.) 

Cobalt  and  Iron. 
ALLor. — Very  hard  and  difficult  to  break. 

Otbbb  Compounds  of  Cobalt. 
With  Nickel,  Copper,  Mercury,  and  Gold. 


Chafteb  XXXIV. 

NICKEL. 


Cronstedt,  Jbkandl.  der  Schwed.  Akad.  der  Wissensch.  1751,  293,  and 

1794,  38. 
Bergman,  de  Niccolo,  Opusc.  2,  231;  3,  459;  4,  374. 
Richter,  A.  Gehl.  2,  61;  3,  244  and  444;  51,  699. 
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39,  108. 

Erdmann,  Utibcr  das  Nickel  und  Wcisskup/er,  Leiprig,  1827.    J.pr.  ChcBk 
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— precipitates  all  the  iron,  coWt,  wiJ  nickel  witU  carbonftte  of  sod 
w&sbes  the  precipitate  thnroaghly,  anil  treats  it  first  with  oxalio  acid  uii 
then  trith ammonia,  as  described  on  page  319,  repenting  the  solution  oftlia 
nick  el -oxalate  in  aqneons  ammonia,  tiU  the  liquid  which  stands  aborc  ttn 
resullins  precipitate  no  longer  exbiliilfi  a  rosc-colonr,  and  is  almod 
wholly  free  from  cobalt. 

2.  Berlhier  dissolves  roasted  cobalt-apeiss  or  roasted  copper -nickel — 
together  with  the  quantity  of  iron  fonnd  by  previous  experimcnU  lo  be 
necessary  for  the  separation  of  the  arsenic  acid — in  boiling  aquOi-regii 
containing  excess  of  nitric  aciil;  evaporates  the  solution  (o  drynw); 
treats  the  residue  with  water,  which  leaves  n  large  quantity  of  ternt 
arseniate  undissolved;  and  adds  carbonate  of  soda  to  the  filirat<>,  etirriog 
all  the  while,  till  the  precipitate  begins  to  exhibit  a,  green  tint:  Cbe  whole 
of  the  ferric  arseniate  is  thereby  thrown  down,  together  with  part  of  the 
ciipric  oxide,  If  the  precipitate,  which  is  white  at  first,  tlooa  not  alti- 
mately  turn  brown,  it  is  a  sign  tbat  llie  quantity  of  ferric  oxide  pr&'entit 
not  sufficient  to  carry  down  the  arsenic  acid  with  it;  eonseqnenllv,  nion 
sesquichloride  of  iron  must  be  added,  and  the  ferric  oxide  again  cautiooslr 
precipitated  by  carbonate  of  soda.  The  filtrate  is  neit  tr»at<yl  witli 
sulphuretted  hydrogen  to  precipitalc  tho  rest  of  the  copper;  the  liquid, 
filtered  from  the  sulphide  of  copper,  completely  precipitated  at  a  boihng 
heat  by  carbonate  of  soda;  tho  precipitate,  consisting  of  the  carhonktes  of 
nickel  and  cobalt,  thoroughly  washed  and  diffused  in  water;  chlorine  g*l 
passed  through  the  liqnid  as  long  a«  it  is  absorbed;  the  solution  espom 
to  tho  air  to  allow  the  excess  of  chlorine  to  cvapomte,  and  then  fil(«nd. 
The  filtrate  contains  chloride  of  nickel  free  from  cobalt;  it  may  he  preci- 
pitated hy  an  alkali.  The  whole  of  the  cobalt  remains  on  t)!e  fitter  in  the 
form  of  protoxide,  together  with  a  portion  of  the  nickel  in  the  form  of 
peroxide.  If  the  cobalt  were  in  excess,  the  redduo  on  tho  filter  woaM 
certainly  consist  wholly  of  coba.lt -oxide;  hut  in  that  case,  chloride  of 
cobalt  would  likewise  be  found  in  the  filtrate — Bcrtbier's  older  method 
dififers  from  the  preceding  in  the  following  particulars:  No  iron  is  added 
to  the  ore  of  nickel  which  is  to  be  dissolved,  bnt  the  solution  obtained  by 
evaporating  to  dryness  and  digesting  the  residue  in  water,  is  first  uiiicd 
with  carbonate  of  soda  till  the  precipitate  (of  ferric  nrseniatc)  which  is 
white  at  first,  begins  to  show  colour — then  filtered — mixed  with  a  quan- 
tity of  ferric  chloride  euBicient  to  separate  tho  arsenic  acid — and  n^in 
cautiously  treated  with  carbonate^  of  soda,  wliieh  first  throws  down  ferric 
arseniate  together  with  oxide  of  copper,  and  nftcrwarda  hydrated  ferric 
oxide.  The  liqnid  is  then  filtered,  and  the  reat  of  the  iron  precipitated, 
together  with  tho  nickel  and  cobalt,  in  order  that  tho  precipitate  may  be 
treated  hv  Laugier's  method,  witb  oxalic  acid  and  ammonia;  or  the'iroo 
and  cobalt  are  first  thrown  down  hy  the  cautions  addition  of  carbonate  of 
soda — then  a  mixture  of  cobalt  and  nickel — then,  after  filtration,  pnre 
nickel.  If  mnnganesc  is  present,  the  last  precipitation  must  bo  made  in 
the  cold,  otherwise  the  manganese  will  not  be  retained  in  solution. 

Tupputi  dissolves  the  pounded  speiss  in  2^  parts  of  nitric  acid  and  M 
equal  quantity  of  water,  whereupon  the  sulphur  separates  ont;  evapontcs 
the  solution  till  ike  greater  part  iif  the  arsenious  acid  is  precipitated;  filien; 
and  mixes  it  while  yet  warm  with  carbonate  of  soda  or  potash,  stirring 
iJl  the  while,  till  the  precipitate — which  la  at  first  vellowiab -white,  oon- 
sisting  of  ferrio  arseniate,  and  afterwards  rose-coloured,  consisting  of 
oobalt-arseniata,  together  with  small  quantities  of  cuprio  and  manganow 
srsenitttcs — begins  to  turn  green-    Ihe  wAiVwa  \a  then  filtered,  mixed 


I  with  »  Email  quantity  of  acid  and  a  very  large  quantity  of  water,  and  tUe 
1  wenio  precipitated  by  sulphuretted  liydrogen,  tlie  pasfiiigo  of  the  gaa 
I  being  contlDLied  till  tlie  liquid  eaturated  with  it  retains  its  odour  auer 
I  betng  kept  m  a  stoppered  vessel  for  24  hotira;  it  is  then  again  filtered, 
I  boiled,  and  the  nickel  precipitated  in  the  form  of  carbotrnte  by  meana 
I  of  a  carbonated  alkali.  According  to  Laugier,  tbe  nickel -arseniato  goes 
r  down  together  wilb  the  cobalt^areeniate,  and  the  nickel  prccipibite 
I  obtained  at  the  end  of  the  process  is  still  mixed  with  cobalt  and  iron. 
I  The  solution  of  the  speiiiE  in  nitric  acid  may  likewise  be  diluted  with 
bvAter,  precipitated  by  sulphuretted  hydrogen,  and  boiled — tbe  filtrate 
■CaAer  further  boiling  to  bring  the  iron  to  a  higher  state  of  oxidatioul 
^fatxed  witli  a  quautity  of  potutih  sufRcieut  to  precipitate  a  small  portion  of 
BPifi  nickel,  together  with  the  wliote  of  the  iron,  so  that  the  precipitate 
PSppcMa  brown  after  boiling  for  some  time,  but  has  green  fiakes  mixed 
Fwith  Jtj — then  heated  with  such  a  quantity  of  potash  that  the  liquid 
I  pviely  retains  a  pale  green  colour — and  afterwards  boiled  for  half-an- 
I  hour.  Since  coWt-exido  baa  a  stronger  affinity  for  nitrie  acid  than 
I  Bieke]- oxide,  the  former  is  wholly  taken  up  by  the  liquid,  and  tbo  nickel- 
I  oxide  is  completely  or  almost  completely  precipitated.  (Antbon,  Repert. 
I  j(9,  44.)  This  method  is  uncertain;  if  too  niuch  potaah  is  added,  or  if 
I  ^00  much  cobalt  is  present,  the  cobalt  is  not  completely  disaolved  on 
L  lioUingj  besides  it  becomes  mote  highly  oxidized  on  exposure  to  tho  air, 

■  end  then  no  longer  exerts  a  precipitating  action  on  the  oxide  of  uiakel 
B]»b)cb  remains  in  solution.  (Bernelius,  J<diresbcr,  18,  1J2.) 

■  '  4.  The  roasted  speiss  is  mixed  with  a  quantity  of  nitric  acid  not 
mniffiineDt  to  dissolve  it — the  liquid  dilated  with  water,  after  the  action 
Bjlu  gone  on  for  a  sufficient  length  of  ti  me,  either  in  the  cold  or  with  tho 
Kiud  of  beat — then  decanted  from  the  precipitated  basic  bisniuth-salt,  and 
Bjiealed  to  the  boiling  point  (on  the  large  scale,  it  is  boiled  in  a  copper 
Keasel).  Milk  of  lime  i.-i  then  added  in  Pmall  portions,  till  a  filtered 
Kmnple  exhibits,  no  longer  a.  pulo  green,  but  a  bluish-green  colour,  and 
■npyes  with  potajih  a  precipitate,  which,  when  heated  on  charcoal  before 
Vlhe  blowpipe,  yields  an  infusible  inaaa  of  spongy  nickel.  As  long  as  the 
f  iedDOed  nickel  continues  fusible,  arsenic  is  present,  and  further  addition 
f  ^f  lime  ie  necessary;  it  is  best  to  add  the  lime  in  slight  excess,  in  order 

to  insure  the  complete  separation  of  the  arsenic. — The  liquid  is  then 
^Ured,  and  the  nickel  precipitated  by  milk  of  lime  free  from  iron. 
^rdmann.) 

,f  5.  Proust  beats  roasted  copper-nickel  with  dilute  sulpburio  acid,  and 
j^dds  carbonate  of  potash  to  the  filtered  solution,  to  precipitato  arscniate 
^ferric  oxide,  till  iron  can  no  longer  be  detected  in  the  liquid  by  ferro- 
granide  of  potassium.  Tbe  liquid  is  then  filtered  again,  and  sulphuretted 
Inrdrogen  passed  through  it,  to  precipitate  arsenic,  copper,  and  bismuth, 
_^1  it  is  so  far  saturated  as  to  retain  tho  odour  of  the  gas  after  being  kept 
jju  S4  hours  in  a  closed  vessel.  The  litjuid,  once  more  filtered  and  then 
evaporated,  yields  crystals  chiefly  cuneitting  of  sulphate  of  nickel-oxide 
jU>d  potafili,  while  the  cobalt-salt,  for  tbe  most  part,  remains  in  solution; 
ifbo  lormer  is  repeatedly  dissolved  anil  rccrystallixed  to  freo  it  from 
adbering  cobalt-salt,  and  its  solution  afterwards  treated  witli  carbonate  of 
jpotash,  which  precipitates  tho  nickel  in  the  form  of  carbonate. — Thomson 
Unn.  PhU.  14,  144}  digests  pounded  Bpeiss  with  dilute  sulphuric  acid, 
neqoently  adding  nitric  acid  an  long  ns  the  latter  eshibils  any  action; 
Jbe  then  decants  the  green  solution  from  tho  arsenioua  acid,  tnen  «■ 
grates  and  cools  it,  whereupon    nearly  pure   nickel-sulj^ihate  K05ara,te« 


out.  The  motbpr-liqnid,  no  lon^r  nina1>le  of  ;!«l(linf^  rjjstalr,  it  fnri 
from  arscuionn  arid  br  e ti I ptio retted  h^ragea,  and  wIipii  eaWqaenli; 
eraporatcil,  again  deposits  crystals  of  nipkel-«n]ph»te.  Tbe  whole  oStM 
crystals  are  then  purified  by  repeated  eolntioa  uxl  eiystaliiastion,  and 
the  salt  afterwards  deeompose'l  by  carbonate  of  potiuh. 

0.  The  roasted  speiss  is  marie  up  int'i  a  paste  wiit  oil  of  rilri«l,  and 
ex|ioeed  to  a  heat,  gentle  at  dret,  bnt  gradually  rising'  to  r«dnc«s,  iu  nrdir 
to  decomoosc  the  remaiaing  sulphates.  The  niasj/nhile  still  hot,  is  iba 
exhausted  with  water;  sulphate  of  potash  (the  rpsidno  of  the  nitric  mM 
■nnnufacturc)  is  di.tsolvcd  in  the  heated  filtrate;  the  liquid  entponled  and 
cooled  till  it  yields  crystals  of  niekel-oiide  and  potash ;  the  crystaU 
gently  SEnited  to  render  the  adhering  farric  arseniate  insoluble,  and  afte^ 
wards  dissolved  in  wator;  and  carbonate  of  nicb el-oxide  predpitAled 
from  the  filtrate  by  the  addition  of  carbonate  iif  potKsh.  This  ptoCMt 
yields  perfectly  pure  nickel,  but  the  sulphurio  ncid  does  uot  extract  tiie 
whole  of  the  nickel  fnini  (he  speiss;  moreciTer,  the  c ry stall ixatton  i« 
tedious. 


7.  One  part  of  carefully  roasted  speiss  is  mixed  with  1  pt.  of  pounded 

"       34  pts.  of  o" 

a  tempemture  above  100', 


irapar,  and  from  3  to  3^  pts.  of  oil  of  vitriol,  and  heated  in  a  loaden 

Bel  to  a  tempemture  above  100',  the  mixture  being  constantly  slirrMl, 
and  the  heat  continued  till  it  is  di^;  earo  must  be  taken  not  to  inhale  sa; 
yapour  of  fluoride  of  arsenic.  It  is  then  taken  out,  broken  up,  and  banil 
at  a  modetntc  heat  in  a  revcrhemtory  furnace ;  the  product  exhaasted 
with  boiling  water;  the  li<]uid  filtered  from  the  gypsmn;  and  the  fcrrie 
oxide  contained  in  it  precipitated  in  the  ordinary  way.  The  filtrate  atill 
gives  a  yellow  precipitate  with  «alphurett«d  hydrogen,  bnt  the  predpi- 
late  does  not  contain  arsenic.  {Liebig,  Pn/;/;.  18, 166.)  Further  purifica- 
tion from  lime  and  cobalt  is  required.  According  to  Duflos,  a  pUtinnm 
dish  must  bo  used  instead  of  the  leaden  vessel,  if  it  be  required  to  driro 
off  all  the  arsenic,  because  the  lead  reduces  part  of  the  arsenic  to  the 
metallic  state. 

6.  lloastcd  speiss  Is  dissolved  in  strong  hydrochloric  acid,  the  liquid 
filtered  and  evaporated  to  dryness,  and  the  residue  healed  nearly  to  red- 
ness, and  afterwards  exhausted  'nith  water.  Areeninto  of  ferric  oxide  h 
then  loft  Uudissolred,  accompanied  by  the  nrseniates  of  nickel-  sad 
cobalt-oxido,  if  the  quantity  of  ferric  oxide  added  is  not  sufficieut  to  take 
Up  the  whole  of  the  arsenic  acid.  The  solution  contnins  clilorMti  ^ 
nickel,  which,  however,  requires  further  purification.  (Berzelius.) 

!).  Roasted  speiss  is  digested  in  hydrochloric  acid,  whidh 
nothing  undissolved  but  3  or  4  per  cent,  of  sulphur,  and  a  few- 
which  have  retained  the  metallic  stale;  the  liquid  is  diluted 
and  separated  by  filtration  from  the  precipitated  oxychtoride  of  bismnA; 
the  filtrate  heated  to  tho  boiling  point;  aqaeous  sesquichioride  of  irM 
added  to  it,  and  then  milk  of  lim-c  in  small  portions — the  boiling  heii^ 
still  continued,  till  a  sample  taken  out  of  it  exhibits  the  ch&mctm 
described  in  (4);  and  the  nickel  precipitated  from  the  filtrate  by  milk  irf 
lime  free  from  iron.  lu  applying  this  method  also,  it  is  better  to  aat  tM 
much  chloride  of  iron  and  milk  of  lime,  than  too  little;  it  is  prefenUo  M 
the  4th  and  (3ih  methods,  and  mny  be  nsed  in  the  preparutton  on  tke 
lirge  scale.  (Erdmann.) 

10.  Unroasted  cobatt-speiss  is  treated  as  described  in  the  preparation 
of  cobalt  {p.  318,  e);  the  resulting  sulphide  of  nickel  (which  appears  IVm 
from  arsenic  after  being  once  fuaeS  mth  sulphur  and  carbonate  of  potssfc, 


blorwh  rf 


td  thou  waslicd  out  with  water)  dissolved  In  nltrio  or  nitrosDlphuto 
(id,  and  subjected  to  furtLor  troatnient.  (Wiihler,  Pagg.  6,  227.) 
11,  One  hundred  parts  of  pounded  apelsa  are  fused  with  40  parts  of 
nitre,  The  mixture  bocouea  red-hot,  airells  up  a  little,  and  fuses  com- 
[)tet«ly  nt  a  stronger  host,  yielding  (I)  an  upper  layer  of  slog,  which  is 
uowD,  trniisluccot,  crystalline,  and  consists  of  sulphate  of  potash,  with  a 
'\  quantity  of  col^lt;  (2)  a  compact,  ercyish-black,  low«r  stratum  of 
^,  coutaiuing  small  quaotities  of  cobalt  and  iron :  and  (3)  a  regulua 
piDountiDg  to  84  parts,  and  consisting  chiefly  of  nickel  and  arsenic, 
^This,  wbeu  pulverized  and  again  iK&ited  with  33'S  parts  of  nitre, 
fields  (1)  a  partly  blue,  partly  greyiah-black  slag,  containing  iron,  cobalt, 
•nd  a  raoall  quantity  of  nickel;  and  (2)  a  regulus  amountiue  to  58-6  parts, 
^  _  divided  into  granulus. — This,  when  again  fused  with  23*5  parte  of 
%itr^ yields  a  greyish-green  sIr^,  rich  in  nickel,  but  poor  in  cobalt,  and 
k  reguJuB  amounting  to  33  3  parts,  and  consisting  wholly  of  nickel  and 
■nenio.  In  the  third  fusion,  a  somewhat  smaller  quantity  of  nitro  may 
be  ttsod,  in  order  to  avoid  the  loss  of  nickel. — To  obtain  pure  nickel 
from  the  arsenide  thns  produced,  three  methods  may  be  adopted :  (a.)  Tho 
pounded  regulus  is  roasted  as  long  as  arsenic  continues  to  be  evolved; 
tke  residue,  together  with  -{-'gth  of  iron,  is  dissolved  in  aqua-rcgiaj  tbe 
aolntioit  evaporated  to  dryness  at  a  gentle  heat;  tbe  residue  dissolved  in 
water,  which  leaves  tlie  greater  part  of  tbe  ferric  arseniate  undissolved; 
Ihfl  temaindcr  of  the  ferric  arseniate  precipitated  from  the  filtrate  hy 
cautious  addition  of  carbonate  of  ammonia;  tbe  liquid  filtered  from  this 
precipitate,  treated  with  sulphuretted  hydrogen  to  precipitate  any  copper 
—  lead  that  may  be  present;  the  solution  again  Gltored  and  evaporated 
diTDess;  and  pure  protoxide  of  nickel  obtained  from  the  residue  by 
JK&ition. — (6.)  ]  part  of  pounded  arseuide  of  nickel  is  foscd  with  1^  pts. 
nitre  and  3  pts,  carbonate  of  potash  (or  with  8  or  10  parts  of  litharge,  or 
with  a  much  smaller  quantity  of  lead -nitrate);  the  fused  mass  washed 
with  water;  the  residue,  together  with  a  small  quantity  of  iron,  dissolved 
ia  nitric  acid;  the  solution  treated  as  in  a;  and  finally  the  nickel  pre- 
Hf^tated  hy  carbonate  of  soda, — (c)  I  pt.  of  arsenide  of  nickel  is  fused 
At  a  white  beat  with  1^  pt,  dry  carbonate  of  soda,  I  pt.  sulphur,  and 
Jy  charcoal;  the  sulphide  of  nickel,  wtiicb  unites  into  a  cake,  separated 
U^m  the  slag,  and  again  fused  in  the  same  manner  with  ^  pt.  carbonate 
tf  KK^  1  eulpbur,  and  A  charcoal;  tbe  cake  separated  from  the  slag, 
lepealedty  exhausted  witn  water,  wliicb  still  takes  up  a  large  quantity  of 
■ulpharBeniatc  of  sodium,  and  leaves  the  nickel-sulphide  in  the  form  of 
inelallio  spangles;  and  finally  acted  upon  by  dilute  sulphuric  acid,  wbtob 
does  not  attack  the  sulpbide  of  nickel.  Tbe  sulphide  of  nickel  tbus  puri- 
fied, is  dissolved  in  aqua-regia;  the  liquid  evaporated  to  dryness;  the 
neidae  digested  in  water;  any  copper  and  lead  that  may  be  present, 
preoipitatcd  hy  sulphuretted  hydrogen;  the  liquid  filtered  and  evaporated; 
'  pnre  nickel-oside  obtaiBed  from  the  residue  hy  ignition.  (Berthier.) 
13.  One  part  of  unroasted  spclss  iii  the  state  of  tine  powder  is  mixed 
with  2  pts.  litharge,  and  rapidly  heated  in  the  wind-furnace  till  it  fuses. 
The  flulphnr  burns;  the  more  oxidable  luetals  are  converted  into  slag;  and 
(he  less  osi<lable  nickel  settles  at  the  bottom,  in  combination  with  arsDniu. 
if  it  still  contains  cobalt,  the  latter  is  removed  by  pounding  tbe  regulus 
Tepy  finely,  sifting  it  through  fine  silk,  and  again  fusing  it  with  1  or  2  pts. 
«f  litharge.  1 UO  parts  of  spciss  thus  treated  yield  from  50  to  GO  parts  of 
pure  arsenide  of  oiitkel,  which  may  he  treated  as  in  (10).  The  oobalt  and 
nickel  contained  in  the  lead-slag  produced  in  this  process  may  likewise  be 
•epamtod  out.  (Berthier,  Ann.  Ckim.  Phyi.  33,  49.) 
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13.  Hennbstadt'a  mtthod  ([>.  319)  msy  likewiBe  be  »i>plicd  t«  ih* 
eepuration  of  nickel. 

14.  Commercial  oxide  of  nickel  mxj  be  purified  bj  digeating  it  in  a 
qo&ntit;  of  hydrochloric  acid  Dot  (jnite  eufficieot  to  diasolv«  it  (Ibe  fsna- 
ginoiu  nickel-oxido  in  then  left  nndisMlred) ;  tK&ting  the  Glttate  «itli 
Bulphnrettcd  hydrogen,  to  precipitate  copper  and  arsenic;  filtering  agkia 
una  boiling,  wilhaildition  of  oiiric  acid  at  last,  to  bring  the  iron  toabiflwr 
state  of  oxidation;  mixing  the  solution  wjtb  acetate  of  potash,  and  bouin; 
again  to  precipitate  the  ferric  oxide  completely;  and  passing  snlpbnretted 
hydrogen  through  the  filtrate,  whereby  the  greater  part  of  the  nickel  a 
precipitated,  together  with  a  trace  of  cobalt.  The  remainitig  portions  of 
the  nickel  and  cobalt  may  be  obtained  from  the  filtrate  by  precipitating 
with  enlphide  of  ammonium  which  faais  turned  vellow;  digesting  in  acetic 
acid,  which  rc-dis«olve8  the  manganese;  and  collecting  the  precipitate  on 
a  filler.  ( Waekenroder,  i\'.  5/-.  .^.cA.  IG,  128.) 

T  15.  The  following  method  is  adopted  in  a  mannfactory  at  Bir- 
mingham for  separating  nickel  and  cobalt  from  the  Hungarian  epei^  eon- 
tainm?  6  per  cent,  of  nickel  and  3  p.  c.  of  cobalt.  The  ore  la  first  fased 
with  ciiaJk  and  fiiiorspor — the  t<lag  thrown  away — and  the  fosed  prodoet 
ground  to  powder,  and  roasted  for  18  faonrs  in  a  rcverberatory  faraow, 
till  no  more  fumee  of  anenious  acid  are  giren  off.  The  roasted  prodnct 
then  dissolves  almost  completely  in  hydrochloric  acid.  The  twiutiou  U 
diluted  with  water,  mixed  with  chloride  of  lime,  to  convert  the  iron  into 
eesquioxide,  and  with  milk  of  lime  to  precipitate  that  oxide  together  with 
the  arecnic.  The  precipitate  {which  is  of  no  further  nse)  is  then  waehoi, 
and  sulphnretted  hydrogen  parsed  through  tlio  clear  liqnid,  till  a  filtered 
sample  gives  a  black  preci]jitatc  on  the  addition  of  ammonia.  The  pre- 
cipitated sulphides  (which  are  likewise  of  no  further  use)  having  bern 
washed  with  water,  the  solution  is  next  treated  with  chloride  of  lime  to 
precipitate  the  cobalt,  and  then  with  milk  of  lime  to  throw  down  the 
nickel.  Tho  cobalt- precipitate  is  converted  eitlier  into  ee^quioxido  by 
gentle  ignition,  or  into  protoxide  by  strong  ignition,  and  sent  into  the 
market  in  one  or  other  of  these  forms  :  it  is  said  to  he  very  pure.  The 
precipitated  nickel  is  reduced  by  charcoal,  and  sold  to  the  manahctsreni 
of  German  nilver.  (Lonyet,  A'.  J'.  Pharm.  15,  20*.)  T 

For  tho  leparatioH  of  Nicieel  from  Cobalt,  the  laethoda  described  oo 
pages  319,320,  maybe  used.  With  regard  to  method  (4)  the  following  i« 
to  be  observed  :  The  acid  solution  mixed  with  cj^nide  of  potassium  till 
the  precipitate  re-dissolves,  and  then  gently  warmed,  is  to  be  bailed  for  at 
least  an  honr  with  a  very  large  excess  of  hydrochloric  acid;  by  ihia  meaun 
the  precipitated  cyanide  of  nickel  is  dissolved  in  the  form  of  chloride, 
while  double  cyanide  of  cobalt  and  nickel  remains  upon  the  filter.  fLiebig.) 
To  separate  iVieiel  from  Mmiganese,  the  acid  GalutioD  is  mixea  with  a 
sufficient  quantity  of  acetate  of  soda;  the  greater  part  of  the  nickel  preci- 
pitated by  sulphuretted  hydrogen;  the  filtrate  freed  by  evaporation  from 
the  greater  part  of  the  excess  of  acid,  then  largely  diluted,  and  the  metals 
precipitated  by  sulphide  of  ammonium  added  tn  largo  excest;.  The  mix- 
tare  i>  tlicn  supersaturated  with  acetic  acid,  which  re-dissolves  tho  preci- 
pitated Bul|diide  of  mangnnese,  and  tho  sulphide  of  nickel  collected  after 
n  few  minutes  on  the  filter,  and  washed  with  water  containing  sulphuretted 
hydrogen.  (Wackenroder,  N.  Bi:  AreA.  16,  1S6.)  Tlie  second  method  for 
the  separation  of  cobalt  from  manganese  may  likewise  bo  applied  iu  thi) 
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t      Jietbiction. — 1.  Furo  protoxide  of 
dnced  into  a  covered  charcoal   crucible 

■tiff  paste  with  oil,  and,  according  to  Bertiiier  and  Erdmuin,  under 
Iftyer  of  glass — &ud  exposed  to  the  heat  of  a  blast-fumace.  The  nickel 
ihua  reduced  takes  up  a  small  quantity  of  carbon,  and  likewise  forms 
imore  or  less  nickct-grapbite.  If  the  lire  be  kept  as  low  as  possible,  the 
rieduction  graJually  extends  from  without  inwards,  and  a  grey,  porous 
■nickel  is  fornied,  contain  tag  but  little  carbou.  When  large  quantities  are 
>io  be  reduced,  a  mixture  of  100  parts  nickel-oxide  and  8  or  10  charcoal 
ipowder  is  closely  pressed  into  an  unluted  earthen  crucible,  aud  very  strongly 
Ijgnited.  (Berthior.) — 2.  The  same  mixture  is  lieated  alone  in  the  pottery- 
Jnmace.  (Richter.)  In  this  case,  carbonic  oxide  La  the  reducing  agent. 
i»— 3,  Or  it  is  exposed  to  the  flame  of  the  oxyhydrogen  blowpipe. 
- — 1.  Hydrogen  gas  is  ])aB»ed  over  the  ignited  oxide.  In  this  case  the 
metal  remains  pulverulent.— 5.  Oxalate  of  nickel-oiidc,  or  oxalate  of 
I  Dick  el -oxide  and  ammonia,  is  heated  to  redness  under  a  stmtum  of  pounded 
rglass  not  containing  any  heavy  metal.  (Dbherciucr,  Berzelius.) 

Propeiiiei.  —  Fused  nickel  reduced  by  (1)  has  a  density  of  8-38 
i^npputi),  the  density  of  that  obtained  by  (2)  is  8'279  according  to 
.Jticbter,  and  8-402  according  to  Tourte  {N.  Geld.  7,  442)  ;  of  that  pre- 
, pared  by  (5),  the  density  is  8637  (Brunner,  Eaatn.  Arch.  14,  177); 
nvltile  that  reduced  by  (1)  has  a  density  of  90,  according  to  Yauquelin 
.And  Hauy.  Hammered  nickel  reduced  by  (1)  has  a  density  of  8-82 
t<Tuppati),  and  the  density  of  that  obtained  by  (2)  is  8-G66  according  to 
.'Bichter,  and  8'D32  according  to  Tourte.— Nickel  reduced  by  (2)  is  h&rd 
(.and  susceptible  of  a  high  polish,  perfectly  ductile,  and  may  be  hammered, 
. either  cold  or  hot,  into  plates  ^^  of  on  inch  in  thickness,  and  drawn  out 
nnto  wires  ■j'^  of  an  inch  in  diameter.  (Kicbter.)  It  wears  a  file  rery 
(kapidly.  When  bent,  it  becomes  hot  and  exhibits  an  indented  fracturo 
•'(Tourte.)  Its  malleability  is  diminished  by  admixture  of  carbon  or 
^aog^nese.  Nickel  obtained  by  (1)  is  often  leas  ductile  than  xinc 
'(Tupputi);  it  is  brittle  in  the  cold,  somewhat  extensible  at  a  red  heftt : 
(tiiat  obtained  by  (S)  yields  to  the  hammer  at  first,  but  afterwards  fliea 
■sunder,  into  pieces  exhibiting  a,  strangly  lustrous,  coarse-grained  frac- 
ture (Brunner) ;  it  is  brittle.  (Geitner,  Schw.  48,  1 47.) — The  colour  of 
I  nickel  is   silver-while,  inclining  to  st«cl 

ing  to  Richter,  nickel  may  he  we  . 
it  welds  but  imperfectly.  Nickel  obtained  by  (2)  is  at  least  as  difficult 
of  fusion  as  manganese.  (HieMer.)  That  obtained  by  (1)  [probablj^  from 
admixture  of  ca^on]  fuses  more  readily  than  manganese  (Tupputi);  as 


;  it   has   a    strong   lustre. 


uUy  as  cast- LI 


i(E 


in). 


That  obtnined  by  (1)  contracts  strongly 
in  solidifying,  so  that  the  solid  mass  exhibits  a  depression  on  its  upper 
f  nir&ce.  (Gui.) — It  is  attracted  hy  the  magnet,  and  may  be  rendered  mag- 
B  Betic  by  the  same  means  as  iron.  According  to  Tupputi,  its  mngnetio 
h. power  is  somewhat  less  than  that  of  iron;  according  to  Lam  pad  i  us,  the 
)•  magnetic  power  of  nickel  is  to  that  of  iron  aa  35  :  55;  according  to  Wol- 
..laston,  as  2 — 3  :  8 — 9.  Its  magnetie  power  is  destroyed  by  repeated 
L  ignition.  (To arte.) 


CompeiinJ*  t^  Sidxl. 

NiOXBL   AN0  OXTOBM. 
A,   NlCKBL-OXIDS.      NiO. 

Protoxicftf  nflfiehelt  If^it^lttxydul ;  formerly  Xiclrioxyd. 

Formation. — 1.  Nickel  does  not  oxidate  iu  the  air  at  ordin&ry  II 
peraturea,  even  though  tbe  sir  be  damp  (Richler) ;  at  n  higher  tiMcpei^ 
Jure,  it  ttimishoa  oa  tlio  surface,  ind  exhibits  diflero&t  colours,  Hko  sted 
(Tourte),  aod  at  a  red  heat  becoiues  covered  witb  n,  gnx^aieh-grtyy  oxide. 
Whoa  kept  at  a  red  heat  for  a  coneiderable  lime,  it  is  almost  wholly  con- 
verted ioto  a  brown,  brittle  mass,  which  is  either  a  mixtare  of  the  prot- 
oxide with  metallic  nickel — inaemnch  as  it  is  attracted  by  the  mugnet — 
or  a  euboxide.  (Tuppati.)  Nickel  reduced  by  hydrogen  at  a  gentleheat 
btkce  fire  when  exposed  to  the  air  after  cooling.  (Magnua.)  On  a  glowing 
<K>al  fed  with  oxygen  gae,  nickel  bams  with  emission  of  vivid  spirki 
(Tourte);  and  a  nickel  wire  introduced  into  oxygen  gTts  with  a  piece  of 
r«J-hot  charcoal  at  the  end,  bums  for  a  ehort  time  with  emission  of 
eparks.  (Berielins.) — 2.  Nickel  does  not  decompose  water  at  ordinary 
teuipemtnres.  (Tiipputi.)  At  a  red  heat,  it  decomposes  aiineous  ranoar 
very  slowly,  becoming  covered  w-ith  finely  ciyBtallized  oxide  of  a  fight 
olire-groeii  colour,  fllegnanlt,  Aji».  Chiin.  Phy».  C2,  352.1  It  dissolm 
very  slowly,  and  with  evolotion  of  hydrogen,  in  dilute  phosphoric,  sul- 
phuric, or  hydrochloric  acid,  hydrogen  being  evolved  and  a  salt  of  the 
protoxide  formed.  (Tnppnti.) — 3.  Nitric  acid  oiidiies  nickel  very  easily, 
with  evolution  of  nitric  oxide  gaa ;  heated  oil  of  vitriol  (according  to 
Tuppnti)  oxidizes  it  with  great  aiificulty,  sulphurous  acid  being  erolvod. 
The  oxide  of  nickel  formed  in  these  cases  unites  with  the  acid.— 4.  Bed- 
hot  nickel  is  oxidiied  by  nitre. 

Piffinratiofi. — By  igniting  the  hydmtcd  oxide  or  the  carlwDate  in  a 
close  VBBEcl,  The  protoxide  of  nickel  thus  obtained  is  mixod  w-iih  [wr- 
oxide,  from  wbidi  it  rnay  bo  freed  liy  beating  it  to  100°  in  a  «lream  of 
hydrogen.  (Erdmann.) 

PropertUs. — Small  crystals  of  a  light  olive-greeu  colour  (Regnault, 
vid.  tup.);  green-greyish  yellow  powder  (Erdmann);  when  formed  at  i> 
white  heat,  it  is  an  olive-greon  powder  (Berthier).  Blackish -grey. 
(Tnpputi.)  Not  magnetic.  Specific  gravity  of  the  crystaJliwd  ( 
e-805.  (Genth.) 

Klnproth.  Itiebtcr. 

W 29-S        ....         78'Cr         ....         fr        ....         7-'fla 

O  S-O        ....        2f33         ....         M        ....        2i'I8 

NiO 37'5         Z.       1 00-00         Z       100         ~.       ifio-OO 

Rotboir.  T^jppiitt  Promt. 

Ni rB-555        ....         78-7         ...,         80         ,.„         8S-33 

O 21■^^5        ....         21'3         ....        20        ,„.         16-66 

100-000  100-0  Too      Z     100-00 

Deeompaticiofi*. — Reduced  to  tie  metallic  state  by  ignition  with  o 

coal,  carbonic  oxide  gaa,  or  hydrogen  gas,  or  with  potassium  or  sodium  ji 
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of  nickel  («r  of  cohalt)  sets  hydrogen  fre«,  &bA  precipUntes  Uio  irboi«  o{ 
the  metal  id  the  form  of  a  black  magnetic  powder.  (Becjutrel.)  Zinc 
added  to  a  solnlioQ  of  nickel  throvs  down  green  flakes  and  libenUet 
hjrdrogen  till  a  double  ealt  of  linc  and  nickel  is  formed.  (Tupputi.) 
Fischer  (Poffff-  0,  365;  22,  495)  Likewise  obtained  gieeu  gummy  flake* 
witli  cadmium  and  tin,  but  not  nbcn  the  nitrate  of  nickel-oxide  waa  u«ed. 

Hydrosnlpbaric  acid  produces  no  precipitate  in  solutioDs  of  nickel- 
oxide  in  the  stronger  mineral  acids,  unless  the  acid  is  saturated  a«  com- 
pletely as  possible;  in  tbat  cuse,  it  throws  down  a  small  quantity  of  black 
nydrated  sulphide  of  nickel ;  but  the  clighteet  excess  of  acid  prevents  llie 
precipitation.  From  nickel-snlts  containing  vegetable  acidis — the  acetaW, 
for  example — hydrosulpfauric  acid  tfartiws  down  the  tn^ater  part  of  tile 
nickel.  Acetate  of  nickel-oxide  is  complctetv  precipitated  by  bydn- 
sulphurio  ucid,  (Robiquet,  Ann.  Ckim.  Piifs/GS,  2S3.)  According  to 
Wackenroder,  the  precipitation  is  not  qnitu  complete,  and  ceasea  as  sooa 
u  th^  excess  of  acetic  acid  reaches  acertain  limit.  Nickel-salta  containing 
mineml  acids,  but  converted  into  acetates  by  the  addition  of  acetate  of  «oda, 
are  almost  entirely  decomposed  by  hydnuulphurio  acid.  Tlie  sulpliiile  of 
nickel,  when  once  precipitated,  is  but  very  sparingly  re-diesolved  by  dilole 
mineral  acids — eomewhrit  more  freely  by  cold  concentrated  acids— and 
scarcely,  if  at  all,  by  dilate  acetic  acid.  Hence  strongly  acidulated  nickel 
solutions  yield  a  permanent  precipitate  with  an  alkaline  hvdroaalphste 
even  in  very  small  quantity.  (Wackenroder,  A'.  Br.  JrrA.  16,123.)  Alka- 
line hydrosulphates  precipitate  nickel -salts  completely;  hydrosnipbate  of 
ammonia,  however,  retains  a  portion  of  the  sulphide  of  nickel  in  eolution — 
for  a  while  at  least — forming  a  dark -colon  red  liquid.  The  liydru&olphate 
of  ammonia,  in  proportion  as  it  ia  converted  by  contact  with  tbe  air  ini« 
hydrosulphite,  deposits  sulphide  of  nickel,  probably  containing  more  than 
one  atom  (if  sulphur,  and  therefore  ineolublo  in  hydrosulphate  of  ammonia. 
Hence  chloride  of  nickel  supersaturated  with  ammonia,  forms,  with  liyilru- 
sulphate  of  ammonia,  a  liquid  which  is  black  [brown]  at  first,  bat  slowly 
becomes  clear  by  exposure  to  th«  air  (ini mediately  on  the  addition  of 
acetic  acid).  Hydrosulphate  of  ajnmonia  containing  hydrosolphite  (<■  g. 
Btguin't  Spirit)  precipitates  nickel-solutions,  either  acid  or  ammoniaot^ 
completely  and  immediately,  so  tbat  a  colourless  filtrate  is  obtaineiL 
(Wackenroder.)  Hydratud  sulphide  of  manganese  and  sulphide  of  caUt 
likewise  throw  down  bydruted  sulphide  of  nickel  from  sulutiuns  of  ttickal- 
sails.  (Anthon.) 

Aniraonia  added  in  small  quantity,  even  to  neutral  nickel-salts,  pn- 
duces  but  a  very  slight  turbidity,  and  when  its  quantity  is  increuei^ 
changes  the  green  colour  of  the  solution  more  and  more  to  blue,  and 
ultimately  to  violet.  The  violet  liquid  may  be  supposed  to  contain 
ammuniacal  oxide  of  nickel  (niccolate  of  ammonia^  together  with  another 
nickel-salt.  So  long  as  the  quantity  of  ammonia  k  le«s  than  sufficient  to 
saturate  both  the  acid  contained  in  the  nlokel-salt  and  the  oxide  ef 
nickel,  the  liquid  probably  contains  a  certain  quantity  of  uudecompoMd 
nickel-aalt,  as  well  as  niccolate  of  ammonia  and  the  other  ammoniacal 
salt.  The  bine  liquid,  when  cipoaeJ  to  the  air,  deposits,  in  proportion  as 
it  gives  off  ammonia  and  lakes  np  carbonic  acid,  a  green  compound  of 
carbonic  acid,  iiickcl-oxide,  and  nnimonia. — Potash  and  soda  added  to 
nickel-salts  completely  precipitntc  the  oxide  in  tlie  form  of  an  apple- 
grecu  hydrate,  containing  a  portion  of  tbe  alkali,  but  insoluble  in  exeest. 
— Carbonate  of  ammonia,  ]iotaeh,  or  soda,  throws  down  a  pale  green  pre- 
cipilate,  which  is  but  slightly  soluble  in  excess  of  carbonate  uf  soda,  even 


when  ver^  highly  concentrated,  but  easily  solulilo  in  carbonate  of  ani- 
noDia,  with  which  it  forme  a  greenish-blue  ciolutioD. — Clilortue  passed 
throng  the  liquid  converttj  the  precipitate  into  hydrated  peroxide,  but 
docs  nut  dissolve  it. — The  carLoDatc-s  of  baryta,  strontin,  lime,  and 
awgneEio,  do  not  precipitate  nickel-siLlta  in  the  cold,  but  completely  ou 
boiling,  (Dcniar^ay.)  According  to  Fuchs  {Schw.  62,  191 ),  carbonate  of 
lime  produces  no  precipitate  in  nickelealts,  even  at  a  boiling  heat. — 
Hy.lrntcd  cohult-oxide  boiled  with  nickel-Halts  throws  down  hydnited 
oxide  of  nicliel.  (Anthon.)— Hydrnted  lead-oxido  likewise  decomposes 
the  hydrochlorato  and  nitrate  of  lBail-Dxi<lo  at  a  boiling  heat,  and 
liydi&tod  stannous  oxide  and  mercuric  oxide  decompose  the  liydrochlorate. 
(Demar^ay,  jinn.  Pluirm,  11,  251.) — Phosphate  of  soda  forma  a  greeniah- 
vhite  precipitate  with  niokel'BaJts. — Sulphite  of  potash  (but  not  sulphite 
of  ammonia)  ut  a  boiling  lieat  precipitates  part  of  the  oside  in  the  form 
~ '  a  basic  salt.  (Berthier.) 

Oxalic  Rcid  (not  0!>alate  of  potaeh)  gradually  decomposes  the  salts  of 
nickel,  throwing  down  nearly  all  the  oxide  in  the  form  of  a  greenish- 
whlle,  pulverulenit  oxalate. — Hyilrocyanic  aeid  added  to  solutions  of 
nickel  in  the  weaker  acids,  completely  precipitates  the  nickel  in  the 
torva  of  white  pulverulent  cyaniJo.  It  decomposes  the  acetate  com- 
pletely— the  Gaits  containing  mineral  acids  partially — and  the  sulphate  of 
Bickel-oxtdc  and  potaeh  not  at  all  by  itself,  but  completely  on  the 
addition  of  acetate  of  soda;  in  the  latter  cose,  however,  an  excess  of 
hydrocyanic  acid  re-diasolves  the  procipitate.  Cyanide  of  potassium 
precipitates  all  salts  of  nickel,  but  an  excess  of  it  renders  the  solntion 
riekr  again. — Tincture  of  galls  gives  no  precipitate  with  the  sulphate  or 
diloride  of  nickel,  but  with  the  acetate  it  forms  a  thick  browuisL-yellow 
precipitate. 

■rtiose  nickel-salts,  which  are  insoluble  in  water,  dissolve  for  the  most 
part  in  hydrochloric  or  sulphuric  acid, — The  salts  of  nickel  form  double 
fiftlta  with  many  eaJla  of  ammonia,  potash,  and  soda. 

c  '\\'ith  ammonia,  the  fixed  uikalis,  tlie  earths,  and  many  lieary 
metallic  oxides,  as  lead-oxide,  ferrous  oxide,  ferric  oxide,  &c,, — iuasmuca 
B8  the  aqueous  fixed  alkalis  added  to  an  ammoniacal  solution  of  nickel 
fniccolate  of  ammonia)  throw  down  a  compound  of  nickel-oxide  and  potash 
(niccolale  of  potash) ; — and  when  an  acid  solution  of  nickel-oxide  and 
magnesia,  alumina,  lead-oxido,  ferroua  oxide,  or  ferric  oxide  is  super- 
Bntursted  with  ammonia,  the  latter  is  unable  to  take  up  all  tbc  nickel. 

B.  Peroxide  op  Nickel.    Ni'O*. 

NicleUdiwiinf,  or  Black  rarthy  A'icHel,  is  perhapa  an  impure  form  of 
this  compound. 

Prrparatimi. — 1.  By  heating  the  nitrate  of  nickel-oxide  not  quite  to 
ndnest.  (Berielius.) — 2.  By  gently  heating  tlie  cBrbonata  in  an  open 
— Biel.  (Proust.) 

BlaoK  powder,  the  sjiecifie  gravity  of  which,  according  to  Herapath, 
4 -646. 

Solhoff'.  Lassaigne. 

m."— S9        .-.         n08         ....        70-95        .„.        71-43 

».„.-..»- 24         ....        28-Oa         ....        2905         ...        28  57 


At  a  red  heat,  this  rompound  gives  ofi*  oxygen,  and 
['the  protoxide;  it  diasolveii  in  nitric  and  snlpliuric  acid,  i 
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oxygon — in  tivdroehlorteaeid,  with  sepmilion  of  eblorins-  and  in  xitMOU 
ammonia,  wita  (■rolution  of  babbleii  of  nitrogmi  g»B  :  in  nil  the^e  c*tea,  t 
solution  of  tbo  protuxiilo  ia  furmail.  (Pronrt,  Winlcelblecb,  Ann.  Pktirm. 
13.  2.59.) 

tlyiirattd  Pemri'U  of  Kicktl. — I.  Formed  by  paaaing  ohlorine  gu 
tliroupli  water  in  whicli  the  liydmto  or  carbonate  of  nJckel-oxitlu  i*  eu»- 
jiendod;  witli  the  an hyd roue  oxide  the  action  is  slower.  (Proust,  I.as9ai£iu.] 
A  third  uf  the  nickel  dissolves  in  the  form  of  chloride  : 

3Ni0  +  C!=Ni'O>^-NiCl. 
S.  By  heating  one  of  the  three  coraponnds  jnat  mentioneil  with  ujundi 
chlondo  of  lime  (Proust.  Bstt^r)  or  chloride  of  soda  (DemsrfarV 
Bn>miiie-w8(«  iJkewiK  converle  the  protoxide  of  niokel  into  hromuii! 
and  poroxlde  (Balnrd);  and  when  a  nickcl-Mlt  is  plaeed  in  the  circuit  of 
a  voltaic  liultery  cont.iBling  of  at  loast  lOU  pairs  of  plates,  peroiida  af 
nickel  [hydrated  1]  collocte  on  the  positive  pole.  (Fischer,  KatlK.  AtA. 
le,  21fl.) 


Blaek  tnase,  baving  a  shining,  conchoidal  fraeture;  wb«n  iliffuMd.J 


I 


wat«r,  it  appears  dark  hrown. 

WinkelblNb. 

2Ni M         ....        53-C(        ..-.         S3(t* 

BO 24         ...        21-82        ....         aa  03 

3H0 27         ...  21'54        ....         2113 

Ni-CSHO ..       iTo         Z       10000        Z.       10000 

The  hydrate,  when  heated  to  rednaa*,  giyea  off  oxygen  and  water, 
and  loaves  protoxide  of  nickel.  All  acids  dissolve  it  with  violence, 
and  convert  it  into  a  Milt  of  the  protoxide;  witli  cold  aqaeous  oxalic  nai, 
it  is  quickly  cnnvert^  into  carbonic  acid  gac  and  green  pulverolont  nickel' 
oxalate.  (Winkelhlcch.) — It  may  l>e  boiled  with  caustic  potanh  or  soda 
without  uiidergotag  decomposition;  but  when  boiled  with  wator  coDtain- 
iiig  n  trace  of  acid,  it  gives  off  oxygen  with  violent  effeivesceQw. 
{J)tTaan}a.y,  Ann.  P&arm,  11,  251.) 


NicEEL  AND  Cahdon. 


I 


at  (1) 
6.  Kiel 


A.  Cjlrbtdbop  Nioeel. — a.  To  tbi«  bead  belongs  tiw  nickel  deecrib*! 
(1)  pace  361,  obtained  by  reducing  the  proloxido  with  charooal. — 

Nickel  fused  upon  charcoal  bofure  the  oxy-bydrogop  blowpipe,  takes  up 
carbon,  which  reudera  it  brittle,  a.nd  gives  It  a  bruea-yellow  colour;  but 
it  remains  niag'netic.  (Dobereinet,  .V.  Tr.  4,  1,  283.) — c.  The  magneuc 
residue  obtained  on  igniting  the  cyanide  of  nickel,  is  either  a  mixtare  or 
a  compound  of  nickel  and  carbon- — d,  Ificket-graphUt. — When  niokel  is 
reduced  with  charcoal,  the  resulting  metallic  bntton  is  found  to  be  covered 
with  softly  orystalline,  ateel-grey  Etcolcs,  which  leave  a  Main  when  rubbed) 
are  greasy  to  the  tonch,  and  diasolve  in  nitric  acid.  (Will.  Rose,  &  Irving, 
Ann.  Phil.  18,  li2,  and  H8.)     Probably  pure  carbon. 

B.  Carbokate  of  Nickel-oxide,  or  Nickbl-Carbonate.. — T.  a- 
■Ba»ic  Carbofiate. — n,  Etiwald-nickel,  Sickehmaragd. — Occurs  in  tbe  form 
of  a  stalactitio  cruet  on  chrome- iron -ore  in  Texas,  and  in  Lancaster  county, 
Pennsylvania;  known  to  Amerieati  mineHdogiBta,  since  1846,  by  themuno 
^^Grecn-oxideof  Chromiutit.    Amorjihous,  with  an  uneven,  somswbat  icaly 
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InMtnre.  HardneM  between  calcspa.r  and  fluorspar.  Sp.  gr.  from  2'57 
to  2'6.13.  Emerald-green,  witb  etrong  vitreous  lustre  and  yellowiali  ■ 
green  streak.  Healed  in  a  flask,  it  gives  off  water,  and  turns  blackisli- 
grey.  Oissokcs  readily  in  hydrochloric  acid,  leaving  a  residue  of  clirome- 
Mon.  {Sill.  Am.  J.  [2],  6,  248.) 

Emtratd-Hickel.  Sill  mm. 

3NiO 112-3         ....        5973  .,..  58-82 

Co" 22-0        ....         11-66  ....  lies 

6HO.... 54-0        ....        28-111  ....  29--I9 

NiO.CO*  +  2(NiO,3iIO)  .,.,       188-B        „,.      100-00  ....  10000 

fi.  Hydi-o-niei^el-maffntiilt. — A  mineral  allied  to  the  preceding,  and 
oocarring  in  the  eaine  localities,  on  eerpentine.  It  contains  magnesia  in 
addition  to  tho  preceding  constituents.  It  has  not  been  analyzed  quanti- 
tatively. (Shepird,  Sill.  Am.  J.  [2]  6,  250.)  IT 

li.  MonocaiionaU. — The  protoxide  and  its  hydrate  absorb  carbonic 
acid  from  tho  air,  and  acquire  a  green  colour  in  consequence.  (Frouet.) 

When  a  nlcket-salt  is  precipitated  hy  an  alkaline  carbonate,  pale 
apple-srcen  flakes  are  obtained,  which,  after  washing  and  drying,  «ome- 
timea  fona  a  loose,  enrtby,  pale  green  mass,  having  a  faint  metallic  taste, 
sometimes,  especially  after  continued  washing  with  boiling  water,  a  thick 
blackish -greeu  maea,  having  a  conchoidal,  waxy  fracture. — The  salt  thus 
obtained  is  always  basic;  but  its  proportions  of  base,  acid,  and  water  vary 
considerably,  accordingly  as  nionotarbonate  or  bicarbonate  of  potaah  has 
been  used  as  the  precipitant,  and  according  to  the  composition  and  tempe- 
rature of  the  mixture,  and  the  temperature  of  the  wash-water;  this  will 
be  seen  hom  the  following  statemcuta  :  a.  Precipitated  by  bicarbonate  of 
potash  :  greenish-white,  falla  to  pieces,  and  fonna  a  white  powder  when 
exposed  to  sunshine. — b.  Precipitated  by  monocarbonate  of  potash.  (Beii- 
tbier.)  [These  precipitates  were  probably  merely  dried  in  theair.] — e.  Pre- 
cipitated by  bicarbonate  uf  potasu  from  a  tolerably  concentrated  solution 
of  chloride  of  nickel  kept  in  conetaat  ebullition.  The  gelatinous  preci- 
pitate, after  being  waahed  witb  warm  water,  shriuks  together  strongly 
on  drying;  it  is  green  and  dotted  with  white  specks;  dried  over  oil  of 
vitriol  in  vacuo.-— </.  The  dilute  solution  precipitated  with  a  slight  excess  of 
monocarbonato  of  potash.  One  part  ■>  washed  witb  cold,  the  other  |S  with 
boiling  water;  both  dried  in  vacuo  over  oil  of  yitriul.^-«.  Precipitated 
from  a  tolerably  concentrated  and  boiling  solutjonwith  twice  the  quantity 
of  monocarbonato  of  potash  required  for  precioitation ;  the  precipitate 
after  drying  in  the  air,  loses  no  more  weight  bv  arying  in  vacuo. — -/  The 
came  as  d,  but  the  solution  more  dilute,  and  tne  precipitate  washed  with 
boiling  water;  dried  as  above. — jr,  Precipitated  from  a  moderately-con- 
centrated solution  by  carbonate  of  potash;  the  precipitate  merely  dried 
in  the  air.  (Setterberg,  Pogg.  19,  56.) 
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NirKEL  AND  Bonox. 

BonATE  07  Nickel-oxide. — Bom  throws  down  from  nickel  » 

CkIc  applc-green  powder,  not  soluble  in  water,  but  eoloble  in  «ulphnf 
ydrochloric,  and  nitric  acid  (Tnpputi);  it  fuses  into  a  hyacinth-colon" 
glass.  (Berzeliue.) — Sexborat«  of  soda  likewise  forms  a  greenish  |~ 
pitAte  with  Dickol -sails. 


Nic 


AND   PHOSPBOBtrs. 


A.  PeospHrDE  OP  NiCKEi.. — a.  CoiUaininij  but  a  nnatl  quantity  qf 
Photpkorue. — 1.  Formed  by  passing  phosphorus  vapour  over  red-hot 
nickel  (H.  Davy);  or  by  throwing  pieces  of  phosphoms  on  red-hot  nickel 
(Pelleticr). — 2.  By  fuslnj^  nickel  with  glacial  plioapboric  acid  and  chorcn*! 
powder  (Pelletier);  or  from  6  to  S  parts  of  uiekel-GIIngs  or  nickel-oxide  in 
a  charcoal  crucible  with  1 0  pts.  bone-ash,  5  ijuartK-powder,  anil  I  cfaareoal 
(Borthier). — Silver-white,  brittle;  exhibits  an  acicularstmctnre,  according 
to  Pelletier — laminar,  according  to  Lampadius  and  Bertbier.  Much  more 
fusible  than  nickel;  not  magnetic  The  phoephorus  bums  when  tke 
compoand  is  heated  in  the  air.  ^^ 

Pelletier,  LainpuUui.  ^^H 


I,  Tripkotphide. — I.  By  heating  chloride  of  nickel  in  a  carreDl  (^ 
phosphuretted  hydrogen  gae. — 2.  Similarly,  with  sulphide  of  nickel.— 
Prepared  by  (1);  black,  insoluble  in  hydrochloric  acid,  but  easily  decom- 
posed by  and  disaolveJ  in  nitric  acid.  (H,  Rose,  Pogg.  24,  322.) 


H.  Rose 

7381 

n-il 

26-19 

2r-59 

Mi'P   . 


B.  Hypophobphite  op  Nickel-oxide,  or  Nickel- uy pop nospntTB,— 

Tho  solution  prepared  like  that  of  tbo  corresponding  cobalt-^t,  ani 
evaporated  in  vacuo,  yieldi^  less  distinct  green  crystals,  which  appear  to 
be  cubes.  These  crystals,  when  licated  in  a  retort,  give  off  water  at  first 
and  turn  yellow — then  swell  up  violently,  and  give  off  a  gas  which  does 
not  take  fire  spontaneously,  but  blackens  silver-solution  strongly,  and 
burns  with  a  bright  phosphorus-flame  when  set  on  flre — and  finally 
leave  a  residue  of  nickel-phoEphate  blackened  by  the  admixture  of  aome 
phosphoric  compound,  and  insoluble  in  hydrocblono  acid.  (H.  Rose,  Pogg. 
12,  91.) 

C.  Pbobphitb  op  NicKEL-oxroE,  or  Nickel-phobphite. — Tercblnride 
of  phosphorus  dissolved  in  water,  neutralized  by  ammonia,  and  then 
mixed  with  a  neutral  solution  of  chloride  of  nickel,  deposits  this  Bait, 
after  a  while,  in  crystalline  scales.  The  mother-liquid,  which  la  etiU  some- 
what greenish,  an<i  likewise  the  greenish  wosb-water,  yield  an  additional 
precipitate  when  boiled,  bat  etill  retain  a  slight  greenish  tint.     The  dried 
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salt  heated  in  a  retort,  is  decomposed  without  visihle  comhustioD,  and 
yields  water  and  hydrogen  gas  free  from  phosphorus.  (H.  Rose,  Pogg, 
i>,  41.) 

D.  Phosphate  op  Nickel-oxide,  or  Nickel-phosphate. — a.  Tri- 
phosphate ? — By  precipitating  a  nickel-salt  with  diphosphate  of  soda.—* 
Pale  apple-green  flakes,  or  emerald-green  crystalline  granules. — By 
ignition  in  hydrogen  gas,  it  is  resolved  into  water  and  phosphide  of 
nickel.  Insoluble  in  water,  but  soluble  in  sulphuric  hydrochloric,  or 
nitric  acid. 

b.  Acid  Phosphate. — Concentrated  phosphoric  acid  exerts  no  action 
on  the  metal,  but  the  dilute  acid,  when  heated,  dissolves  it  with  evolution 
of  hydrogen. 

E.  Pyrophosphate  of  Nickel-oxide. — Analogous  to  the  cobalt- 
salt. 

^  Formed  by  decomposing  sulphate  of  nickel-oxide  with  pyro- 
phosphate of  soda.  Light  green  powder,  yellow  after  ignition.  Dis- 
iK>lve8  in  mineral  acids,  in  pyrophosphate  of  soda,  and  in  ammonia.  If 
the  nickel  contains  cobalt,  only  the  cobalt-compound  is  precipitated  from 
the  ammoniacal  solution  by  alcohol,  the  nickel-salt  remaining  in  solution. 
— On  dissolving  this  salt  in  sulphurous  acid  and  boiling,  it  is  repreoipitated 
in  the  crystalline  state ;  if  it  contains  cobalt,  a  crystalline  cobalt-salt  is 
Srst  thrown  down,  and  afterwards  the  nickel-salt.  The  salt  dried  at  100^ 
^ves  ofl*  26*05  per  cent,  of  water  on  ignition. 

Schwanenberg. 

2NiO 750        ....         51-23        ....  51-3 

PO*   71*4        ....        48-77        ....  48-7 

2NiO,APO»  146-4        Z.      100-00        Z.        100-0 

Crjftlattiied.  Schwarzenberg. 

2NiO 75-0        ....        37-42 

PO»  71-4        ....        35-63 

6HO 540        ....        26-95        ....        2605 

2NiO,^PO*  +  6Aq.     2004         Z       10000 

[Schwarzenbeig,  Ann.  Pharm.  65,  158.) 

F.  Metaphosphate  of  Nickel-oxide. — Formed  by  mixing  sulphate 
>f  nickel-oxide  with  excess  of  dilute  phosphoric  acid,  evaporating,  and 
lieatiDg  in  a  platinum  capsule  to  816^;  it  is  then  obtained  in  the  form  of 
i  greenish-yellow  powder,  insoluble  in  water  and  dilute  acids,  but  soluble 
n  strong  sulphuric  acid. 

Maddrell. 

NiO 37-5        ....        34-48         ....         34-40 

PO» 71-4        ....        65-52        ....        6560 

NiO,aPO» 108-9        Z       10000        Z       100-00 

[Maddrell,  Ann.  Pharm.  61,  58.)  % 

Nickel  akd  Sulphur. 

A.  Bisulphide  op  Nickel.— Formed  by  pawing  hydrogen  gas  over 
lulphaie  of  nickel-oxide  at  a  red  heat.    Decompontion  takes  place  quickly 
VOL,  V  2  b 


with  erolutton  of  aulpliaroua  acid  and  water,  and  tinally,  also  of  ml- 
phnratted  hydrogen.  100  parte  of  nnliydfoua  nickel-aolphate  Icare  ii-i$ 
of  disulphide  of  uickel. — Pale  yellow,  nictajlic,  «emifuse<t,  brittle;  exhilnU 
uiudcrato  niugnetic  power. — Dissolves  in  uitiic  acid,  leaving  a,  rcddoeof 
entptiiir;  slowly  in  strong  hydrocUlorio  acid,  with  evolution  of  wl- 
phnrcttcd  hydrocen  [and  pure  hydrogen],  bat  not  in  dilate  hydnichlnrie 
acid,  even  wheofieatcd.  (Arfvedson, /'o^^.  1,6.1.1 — To  this  head  probablr 
belongs  also  the  yellow-grcyiah-white,  strongly  Instroiis,  rery  brittle^  m 
highly  nuiguctic  enlpliido  of  nickel,  which  Berthicr  obtained  by  heitiag 
the  sulphate  to  whitenc^a  in  a  charcoal  crocible;  ila  fracture  was  lamiosr 
in  one  direction,  hot  gmnalar  in  all  otbora;  100  parta  of  nickel-salpliais 
yielded  ouly  52  pis.  of  the  sulphide. 

B.  PROTOKDLpntDE  OF  NicKEL, — Fonnd  nativa  in  the  fonn  of 
CapUfaiy  PyrUet. — Preparation. — 1.  Nickel  and  sulphar  heated  togvtlier 
combine,  producing  vivid  incandescence.  (Pronst,  H.  Kora.)  Combiuab'an 
takfts  place  below  the  nielting  point  of  sulphur.  Nickel-dost  tskca  En 
when  thrown  into  a  glass  tube  an  inch  wide,  Gllcd  with  Eulpbar  vspoar. 
A  mixture  of  nickel-dust  and  milk  of  sulphur  in  equivalent  proportkont 
contained  in  a  glius  tube,  takes  fire  when  touched  at  the  upper  end  iriA 
a  glowing  cool,  and  bunia  down  to  the  bottom  of  the  tube.  (Winkolhltdi, 
jinn.  Pharm.  20,  36.) — 2.  Bv  healing  nickel-oxide  with  sulphDr. 
(Tupputi.) — 3.  By  passing  snlphuretted  hydrogen  over  rcd-bot  nickd- 
oxide,  whereupon  100  parta  of  the  oxide  yields  121*3  parU  of  EulphiJo. 
(Arfvodaon  ) — 4.  By  igniting  hydratcd  sulphide  of  nickel  ont  of  contscl 
of  air.  (Tupputi) 

By  (1)  and  (2):  Fused,  bronze-yellow,  brittle;  exhibits  an  uneven 
fracture;  not  magnetic.  (Tupputi,  H.  Hose.)  By  (3):  Dark  brown,  non- 
magnetic powder,  leas  fuaible  than  the  disulphide.  (Arfvcdson.) — By  igni- 
tion in  iho  air,  it  isi  converted  into  a  ereen  maaa  (basic  sulphate  of  nickel- 
oxidel).  When  heated  to  reduess  m  phoaphuretted  hydrogen  go^  it  it 
slowly  <lecompo8ed,  yielding  phosphide  of  nickel  and  sulphnretlea  hydro- 
gen (H,  Rose);  not  decomposed  by  hydrogen  gas  at  a  red  heat.  (H.  Rose, 
^'"ffff'  *,  129;  Arfvedson.) — Gives  oti'  but  a  very  small  quantity  of  sul- 
phur when  ignited  in  a  current  of  aqueous  vapour.  (Regimult,  Ann. 
Chivt.  Plii/».  62,  380.)  Not  decomposed  by  chlorine  gas  in  the  cold,  and 
very  slowly  even  when  heated.  (H.  Rose,  Pogg.  42,  540.) — Dissolves  in 
nitric  acid  and  oqua-regitt,  the  sulphur  being  portly  separated,  and  partly 
converted  into  Eolphuric  acid.     Not  soluble  in  hydrochloric  or  aulpbarie 

Capillary  jii/Hta  occurs  in  capillary,  regular  six-^ided  prisms  derirwl 
from  an  acute  rhombohedron,  whose  faces  often  temiinuta  the  prtsnis. 
Fig.  151  and  154.  Cleavage  parallel  to  the  faces  of  an  acute  rhombo- 
hedron ;  r' :  7^=35"  52'.  Bp.  gr  5-278.  (Miller,  2'hU.  Mag.  J.  fi,  104; 
20,  378.)  Double  six-sided  pyramid,  of  specific  gravity  500.  (Btei- 
thaupt.)  Sp.  gr.  565.  (Bammclsberg.)  Harder  than  culcspar;  bnss- 
yellow,  inclining  to  bronze-yellow.  Heated  on  charcoal  before  the  blow- 
pipe, it  gives  off  sutiihurona  acid,  and  fuses  into  a  coagnlated,  ductile, 
magnetic  mass  of  nickel  (Berzeliue);  into  a  black  bead  (Kobell).  After 
roasting,  it  behaves  with  fiuxes  like  oxide  of  nickel.  Dissolves  frith 
difficulty  in  nitric  acid,  easily  in  aquit-regia. 
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sulphide  of  nickel,  and  green,  permanent  crystals  are  obtained,  haying 
the  form  of  hyposulphite  of  magnesia.  They  are  converted,  even  below 
100'',  into  a  semifluid  mass,  which,  as  the  temperature  rises,  giv^  off 
water,  sulphurous  acid,  and  sulphur,  and  leaves  32'73  per  cent,  of  nickel- 
sulphido  in  the  form  of  a  yellow,  agglomerated  mass.  (Rammelsberg^  Pogg* 
56,  306.) 

Cryttallized.  Rammelsberg. 

NiO 37-5        ....        26-88        ....        26*5 

S20»    48-0        ....        34-41 

6H0   54-0        ....        38  71  

NiO,S202  +  6Aq 139*5         Z       1000 

E.  Sulphite  op  Nickel-oxide,  or  Nickel-sulphite.— a.  Bane.^ 
Precipitated  on  boiling  a  nickel-salt  with  sulphite  of  potash;  becomes 
more  basic  during  washing.  (Berthier.) — According  to  Bottinger  {Ann. 
Pharm,  51,  406),  the  precipitates  obtained  by  boiling  nickel-salts  with 
sulphite  of  ammonia  always  contain  ammonia. 

5.  MonasiUphite. — The  crystals  which  separate  from  a  solution  of 
nickel  in  aqueous  sulphurous  acid  {yid.  sup).  When  strongly  ignited, 
they  leave  a  residue  of  30*48  per  cent  In  the  state  of  aqueous  solution, 
they  take  up  101*85  parts  of  iodine.  (Fordos  k  G^lis.) 

Cryttallized:  Caicvlation,  according  to  Fordos  &  GQk, 

NiO 37-5        ....        30-36 

SO»  32-0        ....        25-91 

6H0     540        ....        43-73 

NiO,  SO»  +  6Aq 123*5         Z       100-00 

T  When  sulphurous  acid  gas  is  passed  throngh  water  in  which  a  laige 
quantity  of  hydrated  nickel-oxide  is  suspended,  the  whole  dissolves,  and 
the  solution  yields  a  small  quantity  of  a  crystalline  powder,  which  is  no 
longer  soluble  in  water,  but  dissolves  in  hydrochloric  acid,  with  evolation 
of  sulphurous  acid.     It  contains  4  atoms  of  water. 

Miifpratt. 

NiO 37-5        ....        35*55        ....        35-52 

S03 320         ....         30-33         ....         30*15 

4HO    360        ....        3412        ....         34*33 

NiO,SO«  +  4Aq.       105-5         Z       10000        Z       100-00 

The  liquid  filtered  from  this  salt,  when  placed  for  some  days  in  vaeno 
over  sulphuric  acid,  yielded  very  fine  tetrahedral  crystals  of  the  preceding 
salt,  with  6  atoms  of  water.  (Muspratt,  Ann,  Pharm,  50,  281.)  % 

P.  Hyposulphate  of  Nickel-oxide,  or  NiCKEL-HYPOSULPttATB.— 

By  decomposing  hyposulphate  of  baryta  with  sulphate  of  nickel-oxide,  and 

evaporating  the  filtrate,  long  green  prisms  are  obtained,  which  are  resolved 

by  heat  into  sulphurous  acid  gas  and  sulphate  of  nickel-oxide.  (Ram- 

meleberg,  Pogg,  56,  295.) 

RammeUlwilg. 

NiO    37*5      ....      22-93        22-02 

S^O*    720      ....      4404 

6H0 540       ....       33-03 

NiO,8?0»  +  6Aq.   ,      \^Vb      Z"^^^ 
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R.  PhiUipf.  IfltMlMriidi.  Thamm. 

rhomb,     iq,  primm,     rkomk,  «f .  p,  «•  6«             rk$mk 

NIO 26-30     ....    26-21          ....  /              ....  ....    24M 

80»  2816     ....    SOOf"     '*  *  "••     130-U    ....  29-88     ....    29-« 

7HO 45-54     ....     43-8  ....     45-6  ....                    ....  ....    45*9! 

NiO,SO»+7Aq.    100*00     ....  100-0  ....    100-0     ....  Z  ....    9»-8S 

The  souaro  prismatic  salt  a.  examined  by  Bfitscherlicb,  was  obtained  by 
ciystallization  from  a  warm  solntion ;  5.,  oy  exposing  the  rhombic  salt  to 
the  sun. 

When  hydrochloric  acid  gas  is  passed  over  (anhjdrona?)  nickel- 
snlphatc,  2  atoms  of  the  salt  absorb  1  atom  of  hydrochloric  acid,  the 
absorption  being  attended  with  rise  of  temperature.  The  absorbed  add 
is  immediately  given  off  on  the  application  of  heat,  and  gradually  oo 
exposure  to  the  air ;  and  the  aqueous  solution  yields  crystals  of  pure 
nickol-sulphatc,  the  hydrochloric  acid  remaining  in  the  mother-liquid. 
(Kane,  Ann,  Pharm,  1 9,  5.) 

H.  SuLPHOGARBONATE  OF  NiCKEL.^Nickel-salts  form,  with  aqueou 
iulphocarbonate  of  calcium,  a  dark  brown-red  mixture,  which,  in  the 
course  of  24  hours,  deposits  black  flakes  and  beoomea  brownish-yellow. 
(Berzelius.) 

Nickel  and  Sbleniuii. 

A.  Selenite  of  Nickel-oxide,  or  Nickel-sblenitb. — a.  Mwno- 
Belenite, — By  double  decomposition.  Insoluble  in  water,  white  when 
moist,  but  becomes  apple-green  when  dry.  (Berzelius.)  IT  According  to 
Muspratt,  on  the  contrary,  it  falls  as  a  greenish-powder,  on  adding  selenite 
of  potash  to  sulphate  of  nickel-oxide,  and  becomes  white  when  dried. 

Muipratt. 

NiO 37-5      ....      36-59 

Se02 66-0       ....       54-63 

HO   9-0      ....        8-78        9-i; 

NiO,Se02+Aq 102-5       ....     lOO'OO  *~" 

(Ckem.  Soc.  Qu.  J.  64.)  IT 

b,  BiseUniate, — Green,  gummy  mass,  soluble  in  water. 

B.  Seleniate  of  Nickel-oxide,  or  NicKEL-SELENiATB.-^ry8tali 
isomorphous  with  those  of  nickel-sulphate,  form  2,  and  with  those  of 
zinc-sctenite.  Fig.  37,  e  :  (f*=138°  bQ' ',  e  :  tf'zrOT**  4';  p  :  <?=110°  ^; 
5:5'=90°;  c  : 7=131'' 28  ;  p\thefaceheheeeneKn^«^^U7''5A\'ip:f^ 
126'  50',  &c.  (Mitscherlich,  Fogg.  12,  124.) 


Nickel  and  Iodine. 

A.  Iodide  of  Nickel. — 1.  Pulverulent  nickel  reduced  by  hydrogen, 
is  heated  with  iodine  in  a  glass  tube,  or  vapour  of  iodine  is  passed  over 
it.  When  the  resulting  iron-black,  laminated  mixture  of  nickel-iodide, 
metallic  nickel,  and  nickel-oxide  (the  last  produced  by  excess  of  air),  is 
iStroDglj.  Ignited,  pure  io^Ude  of  nickel  suldimes.    Nickel  in  tbe  coherent 
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atata  liaa  no  sensible  action  on  iodine,  even  witb  the  aid  of  heat. — 2,  The 
fiolutloa  of  nickel-Dxide  in  aqueous  bydriodic  acid,  leaves  on  evaporation 
a  black,  metal-shining  residue,  which,  when  ignit«d  out  of  contuct  of  air, 
■ublimes  without  fusion  or  deconj position. 

The  sublimed  iodide  of  nickel  obtained  by  (I)  and  (2),  presents  the 
Kppearauoc  of  strongly  lustronSj  iron-black  laminie,  resembling  mica,  and 
unctuous  to  the  touch. — If  tho  air  baa  access  to  it  during  sublimation,  a 

mall    qnantity  of  grey-green  oxide,    free  from  iodine,  iH  left   behind. 

Erdmann.)  LaBaaigne,  by  heating  utcikel  witb  iodine,  obtained  a  brown, 
Itanblo  mass  which  dissolved  in  water,  forming  a  green  solution. 


Hydrated  Iodide  op  Nickel,  or  Hydrate  op  N[ceei<^)xidb. — 
Iodide  of  nickel  soon  becomeH  moist  in  Ihe  air,  and  forms  a  rod-brown 
solution  witb  a  small  quantity  of  water,  and  a  green  solution  with  a 
larger  quantity.  Thi<i  solution  e^'aporated  to  a  ^'up,  yields  bluisb- 
neen  prisms,  which  quickly  deliquesce  in  tho  air.  Tho  aqueous  solution 
IS  capable  of  dissolving  a  large  quantity  of  iodine  (thereby  becoming 
brown),  and  tbe  iodine  is  given  off  again  on  boiling.  (Erdmann,  J.  pr. 
CA«n,  7,  254.) 

CryitalliieS.  ErdaiBiia  {approximatt.) 

NU 155'5       7*'22  72'e2 

GHO   54-0       25-78  27-19 


MU  +  6Aq 209-5 


100-01 


!^e  crystals  examined  by  Erdmann  hud  etill  Bomo  mothOT-liquid  adber- 
''Itig  to  them. 

.    HVDRATKD   OXY-IODIDK    OP    NiCKBt,   Or  TeRRASIO    HyBRIUDATE 

OF  NiCKEL-oxtDK  1 — 1.  When  a  considerable  quantity  of  aqueous  nickel- 
oxide  ^is  evaporated  to  dryness,  and  the  residue  treated  witb  water,  a 
Bmall  quantity  of  this  conipound  remains  undissolved  in  the  form  of  a 
red-brown  powder.  It  often  happens,  however,  that  part  of  this  residue 
ia  rodiaaolved,  together  witb  the  iodide  of  nickel,  so  that  tho  solution 
I  appears  brownish-green  instead  of  pure  green,  smells  of  iodinp,  gives  a 
Wue  colour  witb  starch,  and  evolves  iodine  when  evaporated. — 2,  Hydrate 
'  of  niokel-oxide  digested  with  aijucous  iodide  of  nickel,  takes  up  tbe  iodide 
hOf  nickel,  and  assumes  a  brown-red  coloor. — 3.  Similarly  wilb  carbonate  of 
^ckel-oxide,  which  thereupon  gives  off  carbonic  acid. — 4.  Tbe  compound 
^^  a  likewise  formed  by  triturating  hydrated  nickel-oxide  with  an  alcoholic 
Lffolntion  of  iodine.— When  it  is  prepared  by  2,  3,  or  4,  a  certain  quantity 
of  hydrate  or  carbonate  of  nickel-oxide  remains  mixod  witb  it,  even  if  an 
•xcess  of  aqueous  iodide  of  nickel  or  tincture  of  iodino  has  been  used. — 
:The  rod-brown  powder  is  decomposed  at  a  red  heat,  yielding  vapour  of 
iodine,  vapour  of  water,  and  pure  oxide  of  nickel.  It  dissolves  in  nitric 
•cid,  with  evolution  of  iodine.  Boiling  potash  extracts  the  whole  of  the 
Jocline,  leaving  a  dingv  green  residue  of  hydrated  oxide.  When  immersed 
"b  aq'neona  ammonia,  it  assumes  a  dingy  green  colour  without  dissolving 
to  any  perceptible  extent;  but  tho  ammonia  takes  up  iodine,  and  assumes 
»  bino  colour.    Boiling  alcohol  courorta  it  into  green  hydrated  ctx.idfi. 


In  BMtle  Bcid  it  furms  &  ycllowisIi-gTeeii  wlation;  witli  Ixnling  v)ne 
oxklie  acid,  it  yicl<U  oxalate  of  tiiafc«l-«xiile.  (Rrdmano.) 


Brdnuum  (2.) 
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NII,9N>0  +  l&Ac|.         G280 
C.    lODATEOF  NiCKBL-OXIDE,   OF  NiCKEL-lODATR. — lodatfi   of  poU^ 

Sives  t»«  precipitate  with  nickel -sal  td.  (Pleiachl.)— The  salt  is  formed  bt 
ieaotving  recently  precipitated  nickcl-hydiste  in  A(|ueouB  liydriodie  aoi 
and  Kfterwnrds  evaporating  and  cooling. — Light  gicen  cryEtalline  poirdei, 
which  gives  off  ila  water  at  100',  and  at  higher  temperatnreH  evolna 
iodine  vapour  and  oxygen  gas,  and  le&vos  pure  oxJd«  of  nickel.  It  di»- 
solves  in  120'3  psrta  <jf  water  at  15',  and  in  77'33  pts.  of  boiling  water. 
(BammclHbcrg,  Pogg.  44,  £62.) 


Cryttallint  pavder, 
37-5  ....  17-65 
1660      ....     ;a-i2 
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Nickel  asd  Bromine. 


A.  BiioMiDE  OK  Nickel. — Nickol-Sliogs  bcated  to  dull  redness 
bromine  vapour,  and  turn  brownisli;  at  a  slroager  heat,  the  coral 
acGunics  an  ajipearancc  like  tbnt  of  mosaic  gold,  and  at  a  very  brig] 
heal,  it  partly  aabliuiea  in  yellow  micaceous  scales. — Bromide  of  nietd 


J 

igbtr^^ 


heated  to  lirisht  rednea:^  in  the  air,  is  resolved  into  bromine  vaponr  and 
oxide  of  niukol.  Heated  nitric  acid  decomposes  it,  and  on  eTaporatio; 
the  solution  and  igniting  the  residue,  oxide  of  nickel  is  left  brbioa. 
(Bertheniot,  Ann.  Chivt.  P/iy*.  44,  3S0;  also  J.  Fharm.  IC,  655.) 

Bcrthmot. 

H\    S9-5       ....       27-34         27M 

Br  78-4      ...      72'6fi       ;a-91 


107-9 


IfydraUd  Bromide  of  Niekl,  or  ffydrobromaU  of  Nidetl-oxide.— 
1.  Bromide  of  nickel  deli<^uesces  in  the  air  nud  dissolves  in  water;  mure 
slowly,  however,  after  sublimation. — 2.  The  hydrnted  bromide  may  ako 
lie  formed  by  digesting  nickel  with  bromine  and  water.  (Betlhumot.)— 
The  resulting  green  solution  turns  brownish  on  evaporation,  and  yioldt 
small,  dirty-white,  very  deliquescent  needles.  (Berthemot.)  The  crystal* 
have  the  same  gnien  colour  as  other  salts  of  nickel — ^give  off  water  awl 
turn  yellow  when  placed  within  a  receiver  over  oil  of  vitriol,  and  at 
200",  pradnally  give  off  2015  per  cent,  of  water.  (Bnmmclaberg,  Pop. 
55,  243.) — The  aquuoas  solution,  when  exposed  to  the  air,  giaduslly 
deposits  n  few  flakes  of  nickel-oxide;  on  evaporation,  it  leaves  reddidL 
bromide  of  nickel.  (Berthomot.) 


i         55,   2 

I       dopos 
I       bromi 
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CIILOKIDE  OP  NICKEL. 

CryttaUixfd. 
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Bromide  of  nickel  disaolres  in  liydrocblorio  acid,  ammonia,  alcohol,  and 
ether.  (Bertliemot.) 

B.  OitoMinE  OP  NtCKKlrOXiDE,  or  Nickel-bromatb. — Formed  by 
<]irecipitAtittg  sulphato  of  nickel-oxide  with  broinate  of  buryla,  and 
TBporating  the  filtrate  under  a  bell-jar  beaide  oil  of  vitriol. — Beautiful 
egolar  octoliedrons. — The  cryatals  when  heated,  firat  give  off  water,  then 
boomposG  with  violence,  evolving  bromine  and  oxygen  gas,  and  leave 
e'47  per  cent,  of  uickel-oside.  They  dissolve  in  358  parts  of  cold 
mter.  (Rammelaberg,  Pvgg,  55,  60.) 

CryitalliieJ.  Rammttsbcrg. 


NiO,,.. 


Nickel  and  Chlorine, 

A.  CoLoniDE  OP  Nickel. — 1.  Finely  divided  nickel  heated  to  low  red- 
Seas  in  a  stream  of  ehlorinc,  burna  with  a  vivid  glow,  and  forma  yelloiv, 
<rvBtaJlino  scales  resembling  mosaic  Rold.  (H.  Rose,  J'off^.  20,  156.) 
^Cnloride  of  nickel,  anblimed  for  the  moat  part,  is  likewise  formed,  together 
^th  chloride  of  sulphur,  on  decomposing  sulphide  of  nickel  with  chlorine 
a.  (FellenberK.) — 2-  By  evaporating  the  aqueous  solution  of  chloride 
%f  nickel  or  hycbochlorate  of  nickel-oxide,  to  complete  dryness.  (Proust.) 
The  chloride  of  nickel  thus  obtained  by  evaporation,  may  he  converted 
Jnto  the  suhlinied  chloride  by  ignition  in  a  retort.  A  small  quantity  of 
shlorine  is  evolved  during  this  operation,  being  set  free  by  the  osygon  of 
the  air.  The  apanglcs  of  the  chloride  Hy  about  in  the  retort  as  they  rise. 
If  the  heat  be  continued  for  some  time,  the  whole  of  the  chloride  sub- 
limea;  bat  if  it  bo  npptied  for  a,  shorter  time  only,  part  of  the  chloride 
remains  at  the  bottom,  iu  a  mass  resembling  mosaic  gold,  containing 
nnnieroua  small  crystala,  and  groy  nodules  of  nickel-oiide  on  the  sides. 
(Erdmann.) 

Sublimed  chloride  of  nickel  presents  the  appearance  of  soft  crystalline 
les,  Khich  feel  like  mica,  are  of  a  pale  yellow  when  separate,  but 
ttppen  gotden-yellow  in  the  mass.  (Proust,  BucboU,  Erdmann,  Felleu- 
berg.)  The  chloride  obtained  by  evaporation  is  a  brownish-yellow, 
CMlhy  mass,  (Proust,  Erdmann,)— Chloride  of  nlokel  may  be  repeatedly 
mblimed  without  fusing.  In  vacuo,  the  sublimation  takes  plaeca  nlto- 
getber  without  decomposition ;  hut  when  the  compound  is  sublimed  in 
Twsels  containing  air,  a  small  (luaotity  of  chlorine  is  set  free,  aud  small 
jrey  nodules  of  nickel-oxide  are  formed  on  tho  sides  of  the  vessel. 
(Erdmann.)  Hence,  by  continued  gentle  ignition  in  the  air,  chloride  of 
nickel  is  converted  into  a  greyish-green  powder  of  nickel-oxide  free  from 
chlorino.  (Erdmann.)  Chloride  of  nickel  is  very  easily  reduced  to  the 
tnetallio  state  by  hydrogen  gas  at  high  tom^B.V'aT^',  %  ■^'aw^^ati»^*&■ 


NICKEL. 

hyilrogm  it  Is  decomposed  as  easily  oa  diloride  of  copper,  yielding  phof- 
pliiil«i  of  niciiol  mill  bydrochioric  aoid  ^ ;  b^  fusion  with  phoepborus,  it 
yields  I'l'O'pI'''^*^  f^  nickel  and  rhlorido  of  phosphonia.  (H.  Rose,  Po^. 
27,  117.)  Sublimed  chlorido  of  nickel  is  converted  into  tlie  tiTdrated 
oxide  by  boitine  with  taustic  potash ;  bat  it  roqaires  long  boiling  to 
render  the  couvenion  complete.  Ammonia,  eren  when  the  air  is  eom- 
plololy  excluded,  dissolves  it  slowly  but  completely,  fonning  a  bine  boIb- 
tion.  (Erdmnnn.)  A  few  observations  not  perfectly  correct,  made  by 
Bucholi,  indoced  him  to  believe  that  soblimed  ohlonde  of  nickel  containi 
leas  chlorine  than  that  obtained  by  evaporation.  Laesajgne,  on  the  other 
band,  concludes  from  his  own  analysis,  that  the  sublimed  chloride  ant- 
tains  more  than  1  At.  chlorine  to  1  At.  nickeL  Botb  these  views  m 
disproved  by  the  above-mentionetd  observations  of  Erdniann,  and  by  lh» 
following  analyses  made  by  that  chemist ; 


Berthier.  Lasuifiae. 

Suhlhutd.  By  ttaprnvlien.  Sub.         Bynaf. 
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Hydraltd  Chloride  of  Nickel,  or  HydrexAlomle  of  Ni^el-axide.— 
1.  Chloride  of  nickel  obtained  by  evaporation  quickly  attracts  water  from 
the  air,  acquiring  Grst  »  lemon-yellow,  and  then  a  green  coloor ;  it  dis- 
eolvos  in  water  with  coneiderable  rise  of  temjieratnro.  If  the  evaporation 
has  been  carried  too  far,  flakes  of  nickel-oxide  remain  dissolved.  (Erd- 
mattn.)  Sublimed  chloride  of  nickel  becomes  light  green  by  two  days 
exposure  to  the  air,  and  afterwards  dissolves  readily  in  water.  (Froutt, 
H.  Rose.)  But  if  it  has  not  heen  exposed  to  the  air,  it  dissolves  vwy 
slowly  (Fellcnborg),  aiid  oidy  when  boded  for  a  long  time  in  the  water ; 
even  hot  bvdrochlorie  aoid  dissolves  it  with  diflieulty.  (Proust.'; — ^2,  The 
8amo  liquid  is  produced  by  dissolving  nickel  in  aqao-regia  (hydrocfalorie 
acid  dissolves  it  very  slowly),  or  the  oxide,  hydrate,  or  carbonate  in  hydro- 
chloric acid,  to  eatunition,     The  solution,  ei-aporatod  and  cooled,  yielil< 


granular,  gmss-green  crystals — apparently  short,  four-sided  prisms — which 
deliquesce  or  effloresce  very  slightly  in  the  air,  according  to  the  quantity 
of  moisture  contained  in  it,  aud  dissolve  iu  1  ^  pt.  or  2  pts,  of  cold  water, 


'^^^ 


nd  likewise  in  alcohol.  (Tupputi,)  Tho  solution  iit  deooi 
hy]iochlorouB  acid,  yielding  chloriuc  gas  and  a  precipitate  of 
(ftidard.) 

CryilallUed.  Proail. 

NiCI 64-9      ....      41-48  4& 

9H0    81-0        ...      55-S2  6& 

NiCl  +  9Aq 14a-9      ....     10000  ZZ      lOo" 

B.  HvDHATED  OxycELORiDE  OP  NiOKBL,  or  Basic  HTDBocBt^ftATl 
or  KicKEL-osroB. — Sparingly  soluble  in  water;  turns  reddened  Utmas- 
fiiLper  blue.  (Berxelius.) 

f  C,  CnLOEATB  OP  NicKEi/-oxniB. — NiO,C10'-t-eAq. — Cryetalliies 
in  beautiful  regular  octohodrons,  of  a  deep  green  colour.  BeliquesceDl, 
soluble  iu  aleoliol.  Itesolved  hylieat  into  chlorine,  oxygen,  aud  a  reoiduo 
of  oxide  with  chloride  of  nickel  :  at  a  strong  rod  heat,  pure  oxide  of 
nickel  remains  behind.  (Waohter,  Ann.  Phaifa,  52,  S33.)  IF 


NICKEL  AND  NITROGEN. 


Nickel  and  Fluorine. 


The  Fluoride  aud  Oxyfiuoridc  of  Nicixl  oxLiliit  charactorB  fliinilar  tu 
Uiose  of  the  corresponding  cobalt-fialte,  escepting  tbat  they  are  pale  green 
instead  of  red.   (fierEelius.) 


Nickel  and  Nitrogen. 

A.  Nilride  of  Nickel? — A  greaay  aiokol  compound  mtvj  be  obtained 
by  a  process  similar  to  that  described  for  tlie  preparation  of  nitride  of 
-'--  (p.  83). 

B.  Nitrate  OF  Nickel-oxide,  or  Nickel-nitrate. — o.  Bask  eaU. — 
Formed  \iy  heating  the  mononitrate  to  a  certain  point.  Yelloirieh-groeii 
powdor,  insoluble  In  watur.  Contains  88  parts  of  niokel-oicide  to  12 
»cid.  (Proust.) 

6.  Mono7tUraie. — The  metal  disBolves  quickly  in  nitric  acid,  with  rise 
of  temperature  and  evolution  of  nitroua  gaa.  The  dehydrated  salt  is 
yellow.  When  heated,  it  is  first  converted  into  the  b^ic  aalt  j  then, 
ftccording  to  Proast,  into  protoxide  of  nickel,  or,  according  to  Borzeliaa, 
Into  peroxide,  if  only  gently  heated.  In  combination  with  water,  it 
Forms  emerald-green,  octagonal  prisms  (Tupputi),  or  rhomboidal  crystals 
/Bergman),  wbich  give  off  their  water  when  heated,  effluresco  slightly  or 
neliquesce  rapidly  in  the  air,  according  to  the  quantity  of  moisture  con- 
I  soluble  in  2  parts  of  cold  water,  and  likewise  in 


tained  in  it,  and  a: 
alcohol.  (Tuppnti.) 
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lalion,  according  to  Millon. 
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0.  NicooLATB  OP  AuHONiA. — Afjaeous  ammonia  dissolves  the  anhy- 
drous oxide  very  slowly;  the  hydrated  peroxide  somewhat  more  quickly, 
with  evolution  of  nitrogen  gas;  and  the  hydrated  protoxide  very  quickly, 
leaving,  however,  a  fow  green  flakes.  The  liquid  is  violet-bluo  if  the 
^mmouia  is  in  oxcoss,  lavender-blue  if  it  contains  a  larger  quantity  of 
nickel,  and  axure-bluo  when  completely  saturated.  On  the  application 
of  hcatj  it  is  decomposed,  with  evolution  of  ammonia,  and  deposits 
liydml«d  nickel-oxide  in  crystallino  grains.  When  exposed  to  the  air,  it 
deporits  green  flakes  of  carbonate  of  nickel-oxido  and  ammonia  with 
sxceas  of  nickel-oxide,  till  the  liquid  thereby  loses  the  whole  of  tho 
nickel  contained  in  it,  and  becomes  completely  decolorized.  If,  however, 
one  of  the  stronger  acids  ia  present,  the  nickel  remains  dissolved  in  the 
form  of  a  double  salt.  (Tnpputi.)  Tlie  fixed  alkalis  added  to  the  sol u- 
tiua  throw  down  a  compound  of  uiokel-oxido  with  the  Bxod  alkali. 

D.  Carbonate  of  NirKEL-oiina  and  Ammonia. — a,  With  eturets  of 
tarbotiaU  of  ammonia. — Carbonate  of  uickcl-oxido  dissolves  in  aqueout) 
Gftrboiialo  of  auuaouia,  fonniuf  a  greeiusU-blue  eotulion. 


I 
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VilJi  exeeu  of  Kicket-carhonate. — Deposited  in  the  form  of  pil« 
green,  insoluble  flakes,  when  aqueous  niccolatc  of  aumoniaL,  or  tbe  litjniil 
a  just  meatloneil,  ie  exposed  to  the  air.  (Tuppitti.) 

E.  PHOEPnATE  op  Nickel-oxihe  aj»d  Auuonia. — The  ammoniaol 
eolutioD  of  nickel^phosphate,  boiled  as  long  an  ammonia  is  given  o^ 
deposits  iiale  apple-green  Sake?,  which  contain  nickel-oxide  and  ammooii, 
together  with  phosphoric  acid.  (Tupputi.)  Alcohol  added  to  the  sotatim 
of  nickel -phosphate  in  ammonia  precipitates  a  light  bluieb'green  powder, 
likeniae  containing  ammonia;  and  if  the  alcohol  he  placed  in  a  layer 
above  tbe  ammoniocal  Bolution,  the  precipitate  assumes  the  form  of  crji- 
tatline  grains.  (Erdmnnn.)  The  ammoniacal  solution  of  tnctapbo«p)ute 
of  nickcl-oside  exposed  to  the  air,  deposits  all  the  nickel,  first  as  a  greyieb, 
afterwards  as  a  line  green  precipitate.  (Persoz,  Ann.  Chim.  Fhgt.  56, 
333.) 

F.  Hydhosulphate  op  Nickel-oxide  and  Amhunia. — Hydnled 
sulphide  of  nickel  dissolves  spariugly  in  animonia  and  hydrosidphale  of 
ammonia,  forming  a  yelloni^h-bruwn  solution. 

G.  A MMOMO- HYPOSULPHITE  OP  NiCKEL-oxiDK. — A  concenttstcd 
solution  of  nickel-hyposulphite  is  supersaturated  with  ammonia;  the  blue 
li(|uid  mixed  with  absolute  alcohol;  and  the  resulting  blue  crystalline 
powder  washed  with  alcohol,  pressed  between  paper,  and  quickly  enclosed 
in  well-stopped  bottles.     It  soon  turns  green  when  exposed  to  the  air. 


(Rammelsberg,  Poqs.  56,  306.) 
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H.  Amuomio-byfosdlphate  op  Nickel-oxide. —  On  mixing  the 
aqueous  solution  of  nickel -by  posulph ate  with  ammonia,  Uiis  salt  is  preci- 
pitated in  the  fonn  of  a  blue  crystalline  powder,  which,  by  eolatiou  io 
warm  ammonia  and  cooling,  may  be  obtained  in  purer  ciystals.  Sratli 
pnsms  of  a  fine  violet-blue  colour,  reduced  to  lamioin  by  the  predoioi- 
nnnce  of  two  of  the  lateral  faces.  When  heated  in  a  tube,  it  first  gives 
off  ammonia,  then  sulphite  and  sulphate  of  ammonia,  and  leaves  a  partly 
yellow,  partly  black  mixture  of  sulphido  of  nickel  and  sulphate  of 
nickel-oxide.  Decomposed  by  water,  with  evolution  of  ammonia  aoj 
precipitation  of  nickel-oxide.  (Rammelsberg,  Pvgg.  58,  295.) 


aNH'  +  MCSiC 
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I.    Ammokio-bvlphate    op    KiCKEL-oxiDE. — Anliydroua 

sniphate  absorbs  65-91  per  cent,  of  ammonia,  very  rapidly,  with  greit 
rise  of  temperature  and  considerable  intumescence,  and  is  thereby  oon- 
rerted  into  a  pale  violet-white  powder.  Any  water  that  may  bo  p'reeenl 
is  driven  out  in  the  course  of  the  absorption,  probably  in  consequence  of 
the  rise  of  temperature.     The  powder,  when  moderately  heated,  gives  off 


ft  large  quantity  of  ammonia,  together  with  small  qunnt'itics  of  water  and 
sniphite  of  ainmnnia;  and  the  yellow  reslduo  ili«solves  in  water,  with  the 
;ceptioii  of  some  redaeej  nickel,  whicli  remains  in  the  form  of  a  black 
iwder,  After  sudden  heating,  the  residue  is  blackened  in  some  places 
y  the  presence  of  reduced  nickel.  The  powder  dissolves  in  water, 
Eormiug  a  bluo  solution,  with  sepiuution  of  green  hydrated  oxide  of  oiukel. 
(H,  Rose,  Pogg.  20,  151.) 

H.  Rose. 
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NiaSO"       r;-5       ....      60-31         00-27 


AMMONIO-IODIDE  OP  NICKEL. 


3NH»  +  NiO,SO»  .. 


K.  NiccoLO-stLPBATE  OP  Ammonia. — The  dark  blue  solution  of  crye- 
talliswd  nickel-sulphate  in  the  strongest  aijueous  ammonia,  deposits  crystali 
in  the  cold.  It  may  also  be  evaporated  to  the  crystallizing  point  in  vacua 
11  of  vitriol,  or  precipitated  by  alcohol,  the  light  blue  precipitate 
lediesolved  in  the  smallest  possible  quantity  of  warm  water,  and  the  sail 
left  to  crystallize  by  cooling.  Transparent,  dark  blue,  rectangular  prisms, 
with  dihedral  summits  resting  on  the  narrow  lateral  faces.  The  crystals 
obtained  by  evaporation  in  vacuo  have  a  more  bluish-green  colour,  arising 
from  enclosed  mother-lianid.  The  crj^tals  crumble  to  a  light  blue  powder 
in  the  air  or  in  vacuo.  Wben  heated  in  a  glass  tube,  they  yield  ammonia, 
snljDhate  of  ammonia,  and  a  greyish-green  powder,  probably  consisting 


basic  nick  el -sulphate.     They  dissolve  readily  iu  water,  forming  a  bli 
aolotiou.     The  concentrated  solution  evolves  ammonia  when  boiled, 
deposits  green  flakes  of  hydrated  oxide,  which  still  retains  sulphuric  i 
even    after   long  washing.      Insoluble   in   alcohol,   even    wben    di 


and 


Crytlallized, 
3*-0     ....      26-26 
37-5     ....      28-96 
40'D     ....      30-88 
18-0     ....       13-90 


Erdiaann. 
.      2371 

..      30-83 
1E-S4 


NH*0,NiO-i-NH*O.SO>    I29-S 


lDO-00 


100-00 


L,  ScLpnxTE  OF  NicKEL-oxiBE  AKD  Ammonia. — Formed  by  mixing 
snlph&te  of  nickel-oxide  with  sulphate  of  ammonia.  Bluish-green  crystals, 
baving  the  form  of  sulphate  o(^  magnesia  and  ammonia.  (Mitacherlich.) 
Specific  gravity  I'801,  according  to  Tliumson;  l-dlo  according  to  Kopp. 
Boloble  in  4  parts  of  cold  water.  (Link,  Crell.  Ann.  1796,  1,  32.) 

Cfg*tMU*d. — Mitscberlich's  cakulition. 


NH» 

17-0       ,. 
37-5 
SO-0 
630 

8-61 

NiO .... 

2SO> 

rHO 

....      40'SI 
....      31-89 

NH'O.  SO*  +  NIO,  SO*  1 6Aq 

197-5 

,..,     100-00 

M.  Ammonio-iodide  op  Nickel. — a.  Ttrbaiie. — The  saturated  solu- 
tion of  nickel-iodide  in  water  yields,  when  supersaturated  with  aniraonio, 
whitish  flakes,  which  dissolve  slowly  on  the  application  of  heat,  forming 
first  a  reddish,  and  afterwords  a  light:  blue  solution.  (Erdmann.)  The 
flakes  are  light  blue,  and  dissolve  when  heated,  leaving  merely  a  small 
green  residue.  (Rammelsberg.)  The  blue  solution  when  cooled  for  mixed 
with  alcohol :  EammtUbtrg)  becomes  completely  decolorized,  and  deposits 


mCKIL. 

the  compound  a,  p&rtly  in  the  form  of  a  light  blue,  heary,  cryatalltu 
powder,  partly  in  sniall,  blue,  ehining  octohedrona.  TLeae  crystale,  wlira 
heated,  givo  off  unnionia  and  Bal-ammoniiu,  then  turn  black,  eruln 
iodine,  and  leave  a  compound  of  oxide  and  iodide  of  nickel.  (Erdnuum.) 
At  100-',  they  give  off  a  small  (juantity  of  water;  at  a  stronger  besli 
ammonia  with  more  or  leas  water;  and  the  uufuseil  recidue,  which  is  n^ 
brown  at  first,  and  aftcrwanla  turns  blackish -green,  consistd  of  pan 
iodide  of  nickel.  (Rumnieishcrg.)  The  water  is  prolmbly  not  easontiaJ, 
hut  cannot  be  completely  expelled  without  decomposition  of  tb«  eom- 
pouud.  The  salt  gives  off  ammonia  when  exposed  to  the  air,  beeuming 
first  green  and  afterwards  brown.  It  dissolves  in  water — with  separetioD 
of  light  green  Hakes  of  hydrated  oxide,  containing  Tory  little  iodine  and 
no  ammonia — and  forms  a  blue  liquid,  which,  after  a  while,  agvn  depwil^ 
crystals  of  the  same  compound.  (Rammelsberg,  Fogg.  48,  119.)  It  di»- 
solves  very  sparingly  in  excess  of  ammonia.  (Srdmann.) 


Cryitaiiitti. 

aNH*. 61'0    ....    u-m 

Nil    _ „_     16&S    ....     76-31 


Enliu>nn. 

Jifttrdedjirlh-fflkf\ 

22-67         2300 

7557         ™         76'B3 


h.  Bibmic. — Iodide  of  nickel  does  not  al)sorh  amnioniacal  gas  in  tiia 
cold;  but  when  gently  heated,  it  absorbs  18-131  per  cent.,  becouing 
heated  and  swelling  up  to  a  yellowish- white  mass.  (Ramme)«borg.) 


2NI1" „„ 3i0 

Nil 153-5 

2NH',Nll 189-5 


15-3S 

8-i-U6  84-64 


N.  NiccoLO'iDDATE  OF  Amhonia. — Alcobol  added  to  the  blue  solu- 
tion of  nickel-iodate  in  ammonia,  throws  down  nualt  c^tals,  or  a  light 
blue  crystalline  powder,  which  behaves  very  much  like  the  corresponding 
cobalt-compound,  and  appears  to  consist  of  2NH'  +  NiO,IO»  [or  NH'.NiO 
+  NH',IO'J.  {BammeUberg,  Pogg.  44,  582.) 

0.  Ammonio-bromideop  NiCKBl. — I.  Pulverized  anhydrous  bromiJa 
of  nickel  immersed  iu  ammoniacal  gas  is  converted  into  a  pale  violet  powder. 
— 2.  A  concentrated  aqueous  solution  of  bromide  of  nickel  heated  with 
excess  of  ammoniu,  yields  a  blue  litjuid,  from  which,  as  it  cools,  a  light 
blue  crystalline  powaer  of  the  same  composition  is  deposited.  The  com- 
pound obtained  by  (1)  or  (2)  gives  off  its  ammonia  when  heated;  it 
dissolves  in  a  timall  quantity  of  water,  forming  a  bluo  solution;  hut  od 
fnrther  addition  of  water,  hydrated  nickel-oxide  is  precipitated,  and  the 
li'^uid  retains  a  pale  blue  colour.  ^Rammelaberg,  Pogg.  5S,  243.) 

Ratnmeliber;. 
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\mm 
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CHLORIDE  OF  NICKEL  AKD  AMMONIUM. 

,  AMUOTno-BKOMATE  OF  NicKBiHixisB. — Formed  by  preolpitating 

le  concentratedsolutioouf  uickel-bromateiDammoniar  with  tilcohol, — Pale 
a  crystalline  powder. — When  heated,  it  makes  a,  biasing  noise,  giving 
r  bromine  vapour,  oxygen  gas,  and  nitrogen  gas,  and  a  sublimate  of 
lydrobromato  of  ammonia,  while  a  mixture  of  oxide  and  bromide  of 
tt  left  behind.  When  boiled  for  some  time  with  potash,  it  gives 
iff  the  whole  of  its  ammonia.  When  it  is  digested  in  water,  the  smaller 
furt  dissolves  uudecomposed  and  forms  a  blue  solution,  while  the 
Bmaining  portion  is  decomposed,  with  separation  of  green  flakes  of 
[fdrated  oxide.  (Ranunelaberg,  Po^i/.  55,  C!).) 

Q.  Ammonio-chi^ride  of  Nickel. — I.  Chloride  of  nickel,  at  ordi- 
tary  temperatures,  absorbs  74-84  per  cent,  of  dry  ammonia,  with  rise  of 
^perature  and  tumefaction,  and  is  conv-erted  into  a  white  powder  having 
k  faint  tinge  of  violet.  The  powder,  when  heated  to  redness,  gives  off 
mmoniacnl  gas,  together  with  a  small  qoaatitv  of  eal-ammoniao,  and 
Kvos  chloride  of  nickel  mixed  with  a  little  metiillic  nickel.  It  dissolves 
I  water,  forming  a  bluish  solution ,  leaving,  however,  an  uudtssolred 
—jBidae  of  green  hydrated  oxide.  (H.  Itose,  Po^ff.  20,  I5J.)— 2.  The 
Mution  of  chloride  of  nickel  in  aqueous  ammonia  yields,  on  the  adilition 
nf  alcohol,  a  light  blue  powder,  and  on  cooling,  large  opaque  octohedrons 
nth  truncated  edges  and  summits,  having  a  blue  colour  with  violet 
ridesoenee.  Wben  beated  in  vacuo,  thoy  decrepitate  and  crumble  to  a 
ellow  powder,  giving  off  a  trace  of  water,  then  ammonia,  and  leaving  a 
ludne  of  chloride  of  nickeL  At  a  strong  red  heat,  a  sublimate  of  sal-  ' 
nmoniac  and  chloride  of  nickel  is  obtained,  and  the  residaal  chloride  of 
lickel  is  mixed  with  a  small  quantity  of  metallic  nickel;  if  the  air  has 
3,  oxide  of  nickel  remains  hcbind.  In  warm  air,  or  in  vacuo  over  oil 
CTitrioI,  the  crystals  soon  crumble  to  a.  yellow  powder.  They  dissolvo 
ti  cold  water  without  decomposition;  but  the  solution,  when  boiled, 
•rolves  ammonia  and  deposits  green  flakes  of  hydrated  oxide  free  from 
Bhlorine.     Insoluble  in  alcohol,  (ETdmann,  J,  pr,  Chmt.  7,  266;  19,445.) 


H.RoM. 

Erdman 

(1) 

(2) 

..      510 

..      44-00 

M 

..      29-S      . 

85-43 1 

....        B7-19 

125-2 

35-4 

30 '55/ 

130-3 

8NB",NiCI    „- 

...     11S9 

..     100-00 

....       10000 

R.  Chloride  op  Nickel  and  Aumoniitm, — Formed  by  mixing 
|Beous  chloride   of    nickel   with    sal-ammoniac.  —  Green,    imperfectly 

K«taIliEed.  (Tupputi.)  H  By  saturating  2  pts.  of  hydrochloric  acid  with 
kel-oxide  and  I  pt.  of  the  same  acid  with  ammonia — concentrating  the 
txed  solution  by  slow  evaporation,  and  leaving  it  to  itself  in  a  dry 
knoaphore  for  several  days, — large,  beautifnl  green  crystals  are  obtained 
Honging  to  the  obliqne  prismatic  system. 

Hautz. 

NH» IS-O      ..,.        G-n        S-G5 

2NI S9-0      ....       20'30        20-05 

^CI „ lOC-2       ....       36-4«  36-4« 

lSHO....„ 108-0      ....      37-09        378G 


NHKa.amci-nsAq 291-2 

[jHauta,  Ann.  Fharvi.  66,  283,)  TT 


lOO'OO 


100  00 


S.  Fldoride  of  Nii-KSL  AXD  AMMONint. — Gmuular  ctjAsii, 
Cftsil;  aolable  in  water. 

T.  NiGCOLO-MTRATE  OF  Ammohia. — 1.  The  concentrated  soln^oorf 
normal  uickel-nitrate  in  ammonia,  jielils,  at  a  freeuag  temperature,  l*rgt, 
sapphire- blue,  tran^purent,  regnlar  octohcdrons,  some  of  which  hare  that 
Bnmmits  truncated.  The  salt  ui&y  likewise  be  precipitateil  from  lU 
Bolulioa  by  absolute  alcohol;  but  aa  it  is  somewhat  soluble  in  diluie 
alcohol,  the  ealt  tlin«  obtained  is  smaller  in  cjoaotity,  and  in  the  fonn  of  & 
granular  precipitate,  which  requires  to  be  washed  with  «lcohol. — TIm 
crystals,  when  exposed  to  the  air,  give  off  ammonia,  and  gradually  crumble 
to  a  bluish- white  powder,  which  partially  deliquesces  in  a  damp  atrao- 
sphere.  They  fuse  when  heated,  first  giving  off  water  and  ammooto,  aad 
afterward:!  nitrous  vapours  with  slight  detonation,  and  leave  a  residne  of 
pure  oxide  of  nickel.  Heated  in  the  air  on  platinum  foil,  they  bum  with 
tolerably  strong  detonation,  tearing  black  protoxide  of  nickel,  partly 
mixed  with  peroxide.  They  dissolve  readily  in  cold  water.  The  bine 
solution  gives  off  ammonia  on  boiling,  and  deposits  flakes  of  pure  hydmltd 
oxide,  while  nitrate  of  ammonia  remains  in  eolution.  The  dilnte  colutiuo 
decouiposes  very  quickly  even  as  it  begins  to  boil;  the  concentialixl 
aolulion  remains  blue  even  when  boiled.  (Erdmann.) 

CryitaUiied. 

SNtf  .™ „_-_«__, 340    ....    2s-afl ar-w J 

NiO  .„_„„ „„,„„.,.__.  3?5  ....  2?-88                        B?-sa  1 

NO*  MO  ....  <0U  38-89 

HO   9-0  ...  6-70  6-4S 

NH'.NiO  +  NH'O.NO* ~  134S  ....  10000  ZZ  lOOOO 

V.  Nitrate  op  Niceel-dxide  add  Ahmoxia. — Green,  indlst^^: 
crystals,  soluble  in  3  parts  of  cold  water.  (Thenard,  Scher.  J.  10,  48lUH| 

Nickel  akd  I^otassium.  ^^H 

A,  NiccoLATE  OF  PoTAsn.— o.  Hydrate  of  potasli  forma  a  blutih 
glass  with  oxiilo  of  uickel.  (Kirwan.) — 6.  Aqueous  potash  solution  added 
to  nlccoliite  of  ammonia  forms  a  green  precipitate,  which,  when  treated 
with  Lot  water,  gradually  gives  up  all  its  potash  and  is  converted  into 
hydratcd  nickel-oxide.  (Berzoliue.)  —  c.  Caustic  potash  dissolves  va 
extremely  small  quantity  of  hydratcd  niokel-oxide.  (Tupputi.) 

B.  SuLPHATF,  OF  NiCKEL-oxiDE  AND  PoTASii. — Formed  by  mixiiu 
sulphate  of  nickel-oxide  with  sulphate  of  potash,  or  by  dissolving  niokef 
oxide  or  its  carbonate  in  a^ueoue  bisulphate  of  potash. — Yellow  when 
anhydrous.  At  a  low  red  heat,  it  fuses  to  &  brown  liquid,  which,  if  thrown 
into  water  when  cold,  diffuses  itself  tliruugb  the  water  in  tbo  form  of  a 
yellow  powder,  and  gradually  dissolves.  (Gm.)  At  a  higher  temperature 
it  is  converted  into  a  black  mixture,  of  nickel-oxide  and  sulphate  of 
potash.  In  a  moist  atmosphere,  it  turns  green,  and  in  combination  with 
water  forms  bluish-green,  transparent,  permanent  crystals,  of  spnciSe 
gravity  2'124  (Kopp),  and  isomorplious  with  sulphate  of  magnesia  and 
ammonia,  &o.  (Mitscherlioh.)  Fig.  85;  i:m  or  w'irl02- 15';  •:«= 
151°  32';  t:/=llfl°l7';  «  :  b'=I09"  lO';  u  :(=:12S' 25'.  (Brooke,  J ««. 

Hil.  22,  i3S.)    SoIuUq  in  6  oi  3  <i»'i^  <^  ^'^'i  vater.  (Tuppod.) 


Nickel,  BABiuir,  ijn>  Stboxttuk. 

NiooDLATB  OF  Babtta  And  NtDCoi^TB  OP  Stron-tia. — Pr«d|iiUteJ 
with  banru-  or  strontift-iraUr.     De«oa- 


en  vizjng  niemkto  of 
poaod  b  J  Mlpkkte  of 


r  mlplate  of  uamooia. 


NiCSBL  An  Calcicx. 
NiccoLATB  OP  LiMB^— Sbnilnr  to  Uie  t«t7tn-eompo«nd. 

NicxsL  An>  HAOKBBnrx. 

NiccoLATK  OP  UAfunsBlA.— Pi«cipilnt«t  on  adding  ammonrn  to  ) 
niekel'Salt  niixe<I  with  a  magneeia-salt;  excess  of  ammonia  d»ea  not 
«xtnct  the  whole  of  the  nickewixide.  (Bertelius.) 

B.  pHoePDATE  OF  NicKKL-OTTOE  ASD  Mao:<ebia. — Precipitated  ob 
adding  tmiuonii— e^eu  in  exccea — to  an  acid  eolation  of  nickcl-oside  and 
magneeia  contaioiag  pbospborio  acid.  (H.  Rose.) 

NicEKL  AMD  ALjnasmi. 

A.  Alcmi.xate  dp  KtCKKL-oxiDB.— Analogous  to  tbe  cosipouod  of 
nickcl-oxido  and  magnena. 

B,  FLUoniDK  OP  ALrMiNrM  amd  Nickel,  or  Htdrophtatb  of 
ALtMiNA  AXD  Nickel-ox  I PB. — Formed  hy  evaporatinj^  a  mixed  aqneow 
solotion  of  hydrofluat«  of  alumina  and  hydrofluato  of  nickel-oxide.  Long 
p&le  apple-green  necitles,  which  dissolve  in  water  slowly  but  completely^ 
Ammonia  precipitates  the  salt  A  from  the  eotution,  (Borielius.) 


NlCKRI.  A  KB  SlLIClUM. 

A.  Hvdratbd  FtroRinB  op  Silicicm  akd  Nickel,  or  HrnBo- 
PLPATB  OF  Silica  and  Nickel- oxide. — NiF,  SiP+7A<i.  By  ev^iu- 
mtins  a  eulutiou  of  nickct-carhonate  in  hydrofluosilicic  &cid.  Grwa 
rhomiK>hedrona  and  eix-sided  prisms  easily  soluble  in  water,  (Bemliiu, 
Pog;;.  I,  108.) 

B.  Glass  plc3 
blulHh  colour  to  glasa-flnxes  containing  potash 
those  which  contain  soda. 


coNTAHttKo  Nickel. — Oxide  of  nickel  imparts  t 
a .„;_: ._„u   „.,j  a  hyacinth  cdauto 


Nickel  and  Toncstkn. 

A.  TcNOSTATE  OP  NicKEL-oxiDB,  —  a,  MonoUingstaie.  —  Mono- 
tntigHtate  of  potash  added  to  nickel-salts,  throws  down  a  light  grKn 
powder,  which  gives  off  its  water  and  turns  yellow  when  ignited;  in  tbe 
anignitud  state,  it  is  insoluble  in  water  and  oxalic  acid,  but  dissolvee  in 
boUlBg  phosphoric  or  acetic  acid,  and  in  warm  ammonia.  (Authou.) 


NICKEL  AND  CHUOMIUM, 


J^niM).        Antbon. 
ars  ..„  23-81  ....  25  NiO   - 

120'0    ...  7619  ...  75  WO" 

6H0,„. 


Dritd  M  llkt  aA*.     Antbon. 
37'5    .,„    17' 73 
laoo    ...    scri 

54-0     ....     2b!>3 


hntbon.        ^^M 


,wo>      ur-5     loooi 


100 


+  6Aq.  ....     211-5     ....   lOO-OO        ,,   101) 


6.  BUun^AaU. — Alkaline  bitnogsliitea  form  witb  nickel-saltB,  a  pre- 
'ji,  which,  when  ignited,  collects  into  a  anmenhat  pasty  mnas;  and 
n  eipoBUre  to  the  sir,  hardens,  beoomea  LiKht  green,  and  soniewhnt 
laslnceat.  The  light  green  powder  -which  It  yields,  again  become* 
what  doughy  n-hcu  soaked  in  water.  At  a  heat  below  redncsB,  the 
mnes  turns  brown  and  gives  otT  its  water;  when  strongly  ignited  It  b&kea 
together  slightly.  The  imignilod  salt  is  insoluble  in  water,  slightly 
soluble  in  oxalic  acid,  perfectly  eolublo  in  phosphoric  or  acetic  acid. 


Ignited. 
37&  ....  13&1  . 
2(00  ....  86-49  . 


Anthon. 
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Dried  in  lie  air,  AntboD. 

37-a     ....     1196  ...     11 

2*00    ....     76-56  ....     77 

3G-0    ...     11-48  .  .     12 
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B.  SoLPBoiCiioeiATE  OP  Nickel. — NiS,WS'. — Similar  to  the  oobalt- 
Btmponnd. 

NlCKEt   AND   MoLVBDENtTM. 

.  MoLYBDATH  OP  NicKEL-oxiDE. — Molybdjitc  of  potash  forms  with 
Uoridc  of  nickel,  a  light  apple- green  precipitate  (Itichter) — white, accord- 
{  to  Htttcbett, — slightly  soluble  in  boiling  water. 

B.  ScLpnoMOLTBDATE  OP  Nickel.— NiSjMoS'. — Analogons  to  tha 
ibalt-compound. 

C.  Peksulphomolybdate  op  Nickel.— NiS,MoS*.— Black-brown 
precipitate  retaining  tho  same  colour  when  dry,  Bolablo  in  exceaa  of 
finlphoniolybdato  of  potaaaium,  but  separating  ont  again  in  the  conrae  of 
24  bo  an.  (BcKeliua.) 


Nickel  and  Vanadium. 


|-  Vanadiatb  of  Nickel-oxide.— a.  Miynovanadlale. — The  aqueoua 
Bolution  yieldfl  on  evaporation  a  deep  yellow,  non-crystalline  mass,  which 
dissolFes'in  water,  bnl  ia  precipitated  from  the  solutiou  on  the  addition  of 
alcohol:  the  precipitate  thus  formed  is  yellow.— 6.  .iciii.— -The  solution 
yields  on  evaporation  small,  deep  yellow  crystals,  soluble  in  water,  but 

IfBwipitfttod  again  from  the  solution  by  alcohol.  The  eolution  in 
monia  dooe  not  exhibit  any  blue  colour.  (Bcrzelius.) 


Nickel  an 

Chromatb  op  Nickel-oxide,— a.  Mojtochromaie  J — 1.  Formed  hy 
_  lio  solution  of  6  with  a  small  ijuantity  of  fixed  alkali,  or  diijest- 
j  it  with  eirboiiatc  of  nickel-oxide.- Reddish  ytiUow  i>owder,  insoluble 
I  water.   (Tupputi.)— 2.  Cbromnte  of  potaali  uiiscd  with  auliihate  «£ 


1 


uiekoUoxide,  foniu  %a  ftbumluil  precipitue  on  the  application  of  \mt 
llin  li<|ui<I  contuiuB  Bulpbate  of  nickel-oxide  mad  ptttaiA.  (Stakes,  Sial». 
ArcA.  13,  1!J1.) 

6.  Acid  Ckromat*  t — Aqnoons  chronue  acid  diasolvu  the  hydnte  n 
carbouatfl  of  nick.ol -oxide,  fonning  &  jcllowuh-red  iolution,  vhidi 
dv|>oeita  ft  powder  volnble  id  a  l^rg^r  qiuiiitity  of  the  acid;  and  tbe  UUtr 
solotiuu  depoflits,  uoording  to  Topputi,  a  oon -deliquescent  crysUUint 
maas, — lAOordiiig  to  John,  red  ciyatua  a^grc^ted  iu  fem-like  tufia.  Ths 
dry  nwidno  is  resolved  at  n  red  heat  into  chiotnic-oxide  and  nick«l-oiidK 
(John.) 

PcimuiguitM  of  poiuh  gi'M  no  ptnripilate  villi  chloride  of  nickel.  (Fromlxn.) 


Nickel  aso  Arsenic, 

A.  Arsenide  op  Sickbl. — a.  A  very  small  qnantity  of  anenie  li 
•ufGcient  to  render  nickel  fusible  liefore  tbe  blowpipe  under  borax;  |B« 
nickol,  bowc^-er,  when  thns  alloyed,  retaiiu  \t»  ductility  and  iiu)£iieu« 
power,  (Boneliue.) 

i.  With  4  At.  Arttnief—a.  100  parU  of  finely-divided  nicltpl, 
licati-'d  in  n  close  vesacl  with  200  arsenic,  form,  without  risible  combiM- 
tiun,  from  150  to  \5G  partt  of  pulverulent  or  brittle  arsenide  of  m<kA. 
(Oe)ilen.) — ff.  100  parts  of  aracniate  of  nickel-oxide  boated  to  whtteneM 
in  a  charcoal  cmciUle,  yield  61 '3  parts  of  arsenide  of  uiukel,  having  Uw 
form  of  a  grey isb- white,  brittle,  Doa-magnetic  button,  exhibiting  a  fino- 
gmined  texture,  and  containing  about  half  as  much  arsenic  as  coppet- 
niokel.  (Bertbier-) 

y,  T'lacodint, — Cryitalline  system  the  oblique  prismatic,  Tbe  form 
IB  tbiLt  at  /guret  91  to  ISO,  with  the  facoe  u,  (,  i,  and  /united;  the  &cm 
r  and  I  are  likewise  present  in  some  crystals,  u  :  u'  =  64^  82';  I  :  •■= 
183'  10';  (  :  t=133°  28';  (  i/siaO"  5';  cleavage  parallel  to  u  and  L 
SpooiSo  tcravity  from  7'd38  to  8062,  Brouie-rellow,  somewhat  lighlet 
than  magnetic  pvrit««;  yields  a  black  powder.  (Breithaupt,  Poffff.  53,  6<jl-) 
—When  heateu  in  a  tube,  it  gives  off  arscnious  acid,  ajiit  likewise 
sulphurous  acid  if  a  strong  current  of  air  plays  over  IL  Before  Uw 
blowpipe  on  charcoal,  it  fuses  with  tolerable  facility,  and  emits  arseuicn! 
fumes;  after  roasting,  it  yields  a  blue  glass  with  borax.  (Plattnor,  Po^f. 
A8,  383.) 

Plaeeiine.  Flittner. 
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e.  Tritartmide. — Cryitatlized  CobaH-iptUi. — Found  on  taking  do ini 
a  woru-out  blue-colour  furnace.  More  rarely  found  in  cobalt-speiss  mn 
out  from  the  glass-pote.  Appears  to  be  produced  by  longcontinoed 
fusion  of  copper-nickel  contained  in  cobait-oreB.  (Wohler.) — Crystalline 
system  the  square  prismatic.  Figi.  24  and  35; />  ;  esias'  10';  e:t  = 
'00"  as-  r:<-=ll.i^  39';  «  :.=  105-  17';  ,  :  *' =\\5'- S.  Cleavsgo 
QOs  imiwroeptible.     Fracture  uaevcn.  (G.  Rose,  P^gg.  26,  434.)     Has 


AHSENIDE  OF  NICKEt.. 

a  strong  Instre  and  a.  liglit  pinchbeck-colour,  Icbb 
Not  magnetic.     (Wohlcr,  Fo^ff.  25,  302.) 


d.  Di-arsetiide. — Oopper-niclel. — Donble  six-BiiIeJ  pyramiil.  (Olocker, 
■J.pr.  Ckem.  12,  182.)  Cryatalline  system  the  right  prismatic;  Fig.  48, 
witboat  the  p-iaxe,  and  without  the  truncation  between  it  and  a;  t  :  i= 
60°  16';  t :  a=  133"  25'.  (Breithaupt,  Sckm  68,  445.)  Sp.  gr.  from  7-5 
to  7*65.  Harder  than  apatiui;  emits  an  arHeuical  odour  when  struck 
with  steel.  Fractare  conchoidnl.  Colour  cnj)per-red;  powder  brownish- 
black.  Non-magnetic.  When  heated  in  a  glaaa  tube,  it  fuses  just  when 
Uie  ^aes  begins  to  soften,  giving  off  arscnious  acid  but  no  free  arsenic. 
On  cliarcoal  before  the  blowpipe,  it  emits  a  strong  arsenical  fume,  and 
fuses  into  s  silver-white,  brittle  button.  When  rooEted  in  the  air,  it  leaves 
A  yellow-green  residue,  which,  when  fused  upon  charcoal  with  carbonate 
of  eoda  and  a  little  borax,  yields  a  tolerably  ductile,  magnetic  button  of 
isetal.  (Bcrzelius.)  When  heated  to  whiteness  for  an  hour,  it  loses  from 
12  to  15  per  cent,  in  weight,  but  without  alteration  of  appearance.  (Ber- 
tbier.)  Enclosed  in  a  charcoal  crucible,  and  heated  for  half  an  hour  in 
the  btast-fum.ace,  it  gives  off  4  per  cent,  of  arsenic.  (Wohler.)— Dis- 
sotves  in  nitric  acid  with  separation  of  areenious  acid,  more  readily  ir 
aqna-regia. 

Stromeyor.         SuckoB.*        Schnsbel-t 
At.  fhpptr-nieitl.  Bicchelidorr.  WeiiphiUi. 

Mi 2     ....     &9     ...    11-03        ....         11'21       ....      45-76      ....      4S-37 


100-DU        ....       100-00      ....  lOS-30  ....     100-00 

Berthier.  Buthiok' 

•dettl.              Allemnul.           At.  Copper-nirttl.          ""»^ 
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....       0-16 
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7-76     ....       8-O0  1     ....  129  ....  28-29  ....  28-37 

19-61     ....    18-aO  2     ....  ISO  ....  32'B9  ....  33'67 

....      2-O0                 ....  ....             ....    a-88 


1662     ....  lOOOO    ....     98-30  456  ....10000  . ,  100-00 

In  the  Tarietiea  examined  by  Berthier,  part  of  the  arsenic  is  replaced  by 
aDtimony :  ho  suppoaeo  that  the  sulphur  is  in  the  state  of  sulphide  of 
antimony. 

e.  Mono-artmvie. — Anenkal  Nickel  or  White  NkM-i>2/riU»{Wtiu- 
nicielkies)  of  mincralogiaU.     Cubes  with  the  faces  of  the  octohedron  and 
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B.  Assarm  or  NicvEirOxiDE,  or  NirKXL-jkssEMiTE. — Formed  bj 
idxnig  uwttitA  ot  |wte«h  «itl>  m  dJswlred  nidc«l-«Klt. — Apple-gnM 
pMpder,  which,  wImb  i^ied  in  a  glaai  tobe,  girve  off  WAter  ftcd  areentau 
mU,  te  BOt  all  thai  H  coataiBS,  berotnini;  fim  bUckish,  Uieo  olire-giMn 
(Ug^  e**<*<  awrfing  to  BMwlia»).  Od  igniting  the  salt  in  a  pbtianni 
eraoblev  A*  aneaioM  acid  quickly  roUtilitea,  and  pare  nickel-oiidi 
nnaiM  bcUrf. — lamlabl*  in  valcr,  but  eaaly  golublo  in  ammoiim. 
(PmuL) 

C.  Akseitats  of  Nickel-ox tDK,  or  Nickei-aksesiate. — Tfrfme. 
DoflUe  decoiapaaition  fields  an  apple-green  powder,  or  aptilo-greea 
crTstalline  grains  taring  a  metallic  taete. — Arseniato  of  uiekel-oiids 
braird  not  in  contact  witk  carbonaccons  matter,  gives  off  noEfain^  but 
wntcr,  becoming  at  fint  hjrscintli-coloDrcd  and  transparent,  and  assiuning 
a  light  jcUow  coluor  vhcn  ignited;  at  lughcr  temperatures,  it  exbibib  M 
fiirlher  alterstion,  nnlees  it  catnes  tn  contact  wltli  combnatible  matter. 
(ProosL)  When  heated  with  ealphnr,  it  gires  off  sulphurous  add,  toi 
first  ^Ilow,  then  red  snlpfaide  of  arsenic,  and  leaves  sulphide  of  nickeL 
(Dohereiner.)  Gires  op  its  add  to  fased  hydrate  of  potash. — InsoluUe 
in  water,  soluble  in  arsenic  acid,  and  in  the  stronger  mineral  acid^ 
Easilr  eojublo  in  aqueona  ammonin.  PoUsh  added  to  the  ammooiiol 
solution  precipitates  niccolate  of  potash  free  from  arsenic,  unless  ferrie 
oxide  is  present,  in  which  case  the  precipitate  likewise  contains  arMoio 
acid.  (Bent^Iiua.)  On  dissolving  it  in  an  add  cobalt-salt,  and  adding  > 
small  qnantitr  of  potash,  ar»eniate  of  cobalt-oxide  is  precipitated. 

A'ictrl-oehrt  or  Sichel-btomn  is  also  a  trisarseniate  of  nickel-oxiile. 
It  ia  produced  by  oxidation  of  arsenide  and  Bulpbaracniato  of  niclul, 
which  takes  place  more  auiokly  than  with  the  cwrreepondine  cobalt-onft 
Tbo  most  oxldablo  of  all  is  the  white  nick  el- pyrites,  which  qatcklj 
tamishcs  and  blackens  when  immersed  in  aerated  water,  and  after  a  fow 
months  exhibits  apple-green  epoLs  on  Its  projecting  points;  next  in  ordflt 
of  oiiJability  is  copper-nickel,  n.ad  lastly  nickel-glance.  Together  wid 
niokel-oehre,  which  is  never  crystalline,  thin  weathering  process  sometitnei 
produces  crystalline  needles  oonaistiug  of  sulphate  of  nickel-oxid«  and 
aulphate  of  lime.     The  green  coating  with  which  the  lliree  ores  abora 

*  lUmmtUbets'g  HandKdr/rrJuc*,  4  Snppl.  p.  B. 


NICKEL-GLilMCE. 

mentioned  beoomo  rovt^red  by  exposure  to  damper,  oontams  nickel-ochre 
nixed  with  arscuioiia  acid  :  iu  the  mines,  the  arsenioug  acid  is  dissolved 
ont  by  water.  (Karstoti,  Poff;/.  150,  267.) — Kickel-oclire  is  maasive, 
Vftrlby,  friable,  apple-green,  and  grecQisli-white.  When  ignited  in  a 
totoit,  it  gives  off  water,  whicb  sumettm-es  re<Idene  litmus  from  adraixture 
,flf  sulphuric  acid;  in  the  latter  case,  it  often  liliewise  yields  a  sublimate 
•f  araeniouB  acidj  the  residue  is  yellow.  (Karaton.)  Heuted  on  cliarcoal 
tefore  the  blowpipe,  it  gives  off  a  strong  fume  of  arsenic,  and  fuses  in  the 
finer  flnme  to  ame^llic  bntton  containing  arsenic.  Water  extniets  from 
rt  traces  of  ea]i}bnrio  acid,  freqnontly  also  of  tbo  sulphates  of  nickel- 
ttxide,  cobaJt-oxide,  and  lime.  (Karsten.)  Diasolvoa  readily  ia  hydro- 
pbloric  or  nitric  acid. 
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m.  From  Riechelsdorf. — 5.  from  Allemoot.^.  from  a  mine  near  Sobneft- 
berg.  Gives  off  slightly  acidulated  water  when  ignit«d,  but  no  arsenioua 
.  From  tbe  Adam  Haber-Fu-ndgrtibt,  neaJ  Selineeberg.  Gives 
~tXS  water  containing  a  tra«e  of  sulphuric  acid. — e.  From  tbe  Weii»er 
Binch  mine,  near  Schneoberg.     Yields  a  slight  sublimate  of  arsenioua 

D.  BtsDLPUiDE  OP  Nickel  with  Photo- arsenide  op  NiCEBt.-^ 
'iekd-gUmce  or  2iickel-arte}uc-glance. — Octobcdrons,  sometimea  with 
le  faces  of  the  pentagonal  dodecabedron  and  cubo-octohedron.    Cleavage 

Eel  to  the  cube-feces.  Sp.  gr.  6-097  (G.  Rose);  from  6-238  to  6-331 
banpt);  fi-757  (Mobs);  from  6-7  to  6  -9  (Hiimer).  Harder  than  apatite, 
bite  inclining  to  lead-grey;  yields  a  greyisb-blaclt  powder. — Decra- 
litaies  strongly  when  beated  in  a  fSask,  and  when  heated  to  redness  yields 
Mrong  sublimate  of  fused,  vello  wish -brown  sulphide  of  arsenici  wnile  a 
lasB  like  copper-nickel  is  left  behind.  ^BerzeUus.)  Dissolves  in  nitric 
rid,  with  separation  of  anlpbur  and  arsonious  acid. 

Bericlliu.  Dobcreiner.  IlAmmelaberg.  IlSraer. 
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Of  the  two  vnrietiea  examined  by  Lowe,  that  from  Scbladmin)^  was 
cnvtalliKed,  that  from  Frnkeodoj f  waa  mawiro;  the  variety  analywd  by 
Sdina^I  was  cryatallixed. 

E,  Sni-pnARSENiTE  OF  NicKEi,. — 2NiS,ABS*. — Black  precipitate,  whidi 
remaios  black  on  drying  and  yielda  a  black  powdyr;  when  distilled,  it 
yicHs  orpimcnt  and  leaves  a  residue  of  yellow,  coagnlated  ealpbid«  of 
Dickcl.  (Berzclius.) 

F.  ScLPBAnsENiATE  OP  NiCKEL.— 3NJS.AaS',  and  2NiS,  AsS'.—Both 
bibasic  and  terbaaic  sulpharseniale  of  soilium  produce  with  dilute  niekol- 
ealts,  a  clear,  ycllo wish-brown  liquid,  which  gradually  darkens  and  form* 
a  precipitate;  in  a  concentrated  solution,  the  precipitate  ie  formed  imme- 
diately. It  is  dark  brown  at  lirat,  but  becomes  black  when  collected  aai) 
driedj  it  is  not  decomposed  by  hydrochloric  acid,  but  diseolved  ia  an 
excess  of  the  aqueous  sodium-salt.  When  arseniate  of  nickel-oxide  dia- 
sotrcd  in  hydrochloric  acid  is  precipitated  by  hydrosulplinto  of  ammonia 
in  exooss,  the  precipitate  conlaing  sulph arseniate  of  nickel,  together  »Wi 
sulphide  of  nickel.  {Berzelius.)  ,^^H 


Nic 
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A.  AntimoNide  of  Nickel. — Dl-antimonide, — 1  part  of  nickel 
powder,  heated  with  2  parts  of  antimony  powder,  produces  a  blnckiEli- 
grey,  metallic  powder,  the  combination  being  attended  with  the  emission 
of  a  red  light.  (Gehlen.) — On  fusing  together  1  At.  (39  parts)  of  nickel 
with  1  At.  (129  parts)  of  autimony,  light  and  heat  are  emitted,  and  a 
magnetic  mass  is  obtained  exactly  reaombling  the  following  native  com- 
pound in  hardness,  lustre,  and  coTonr,  and  likewise  in  its  behariuur  wilb 
heat  and  with  acids.  (Stromeyer,  Sehie,  69,  25£;  also  Pogg.  31,  134.) 

Antimonial  Nickel  {Antimonniela!!,  or  Anlimonrticielerz)  of  minenla- 
gists.  Obtuse,  double  six-sided  pyramid,  Fig.  131 ;  length  of  the  prin- 
cipal axet  :  length  of  the  tKondary  axes  =  1"3.  Sp.  gr.  7-541  (Brei- 
thaiipt,  Pogg.  51,  512).  Six-sided  tables;  fracture  uneven;  harder  than 
fluorspar;  the  recent  fractnre  exhibits  a  light  copper-colour  with  a  lingt 
of  violet;  powder  red-brown.  Not  muguelio.  When  ignited  in  a  glacs 
tube,  it  yields  a  small  sublimate  of  antimony.  On  charcoal  it  forais  an 
antimonial  deposit,  and  cannot  bo  fused  excepting  in  very  small  pieces. 
But  little  attacked  by  simple  acids;  dissolves  cosily — and  completely  if 
no  galena  is  mixed  with  it — in  aqua-regia.  (Stromeyer  k  HauEmann.) 


WICKEL.AND  BISMUTH. 
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B.  AitTiMOKiATB  OF  N  iCKBL-oxiDB. — Greenish- wbitO]  inaoloble  i 
vftter.  (Beraelius.) 

C.  BisDLPnisE  OP  Nickel  with  Antimonide  op  Nickel. — ^tdtrf- 
^eroug  ffrey  Antimony,  Hartmannite  (NickeUpfittglanset^  or  Jfiekelanti- 
faonglan2). — Regular  ootobcdTona  with  the  fnces  of  the  cube  and  rhombic 
dodeeahodrou.  Cleavage  parallel  to  the  cube-faces.  Specific  grarity 
6'45;  harder  tlian  fluorspar.  Fracture  fine-grained.  Colour  lead-CTey 
inclining  to  ateel-^ey;  powder  greyish -black.  Before  tbe  blow- 
pipe on  charcoal,  it  emits  a  strong  antiniimial  funic,  tosotber  with  sul- 
shuroDG  acid,  and  sometimes  with  a  rery  slight  arsenical  fume,  and  fnaea 

'into  a  metallic  globule,  wbich  remains  brittle  and  fusible  even  after  long 
^blowing;  and  if  fusoil  with  carbonate  of  soda,  does  nut  sink  into  the  char- 
coal, but  forms  a  black  bead  containing  sulphide  of  sodium.  (Berzclius.) 
,The  mineral  dissolves  in  nitric  acid  with  8ej>aratioti  of  antimonic  nitrate, 
.and  in  aqua-regia  with  separation  of  sulphur. 

Kl^iroth. 
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In  tbe  ore  examined  by  Klaproth,  part  of  the  antimony  is  replaced  by 
arsenic,  whereby  a  transformation  into  the  iaoiiiorphous  mineral,  Sickel- 
glance,  is  produced. 

D.  StTLPiiANTiMONiATE  OP  NicKEL. — 3NiS,SbS'. — Precipitated  on 
mixing  an  aqueous  uickel-ealt  in  any  proportion  whatever,  with  Schlippe'a 
^t. — Black;  oxidates  in  the  air;  decomposed  by  heated  hydrochloric 
acid.  (Rammelsberg,  Pogg.  52,  238.) 

Nickel  and  Tellobicm. 

A.  Tellcbitb  of  NicKEt-oxiDB.— Formed  by  double  decomposition. 
Very  pale  greonish-wliito  flakes. 

B.  Tellurite  OP  NicKEL-oxiDE,  Exactly  similar.  (BwMlius.) 
0.  SuLPUOTELtmiTE  OP  Nickel .-^Black  precipitate.  {Berzelius.) 

Nickel  amd  BiBMniu. 

A.  BisMDTU-XicKEL, — Brittle,  laminar  alloy.  (Cronstodt.) 

B.  SuLPiiiDB  OP  Bismuth  and  Nickel. — Nicliel-hitmulh-glanet. — 
Octohodrons  and  cubo  octohcdrous,  with  cleavage- planes  parallel  to  the 


KICKXL. 

octohodnl  faoca.  Harder  tlian  apatite,  Colouf  Bteel-grey,  inclining  to 
ail  vet- white;  powder  grey.  Fuses  reaJUy  before  the  blowpipe,  emittiog 
an  odour  of  sulphurouij  acid,  and  ander  the  lurtion  of  a  long-contlnned 
btoBt,  covers  the  charcoal  with  a  yellowish  deposit,  ajid  yields  a  strongly 
magnetic  groy  bead,  brouie-yello-w  on  the  frnctnred  surfam.  With  borui 
or  microcosmic  salt,  it  yields  a  brown  glass  in  the  outer  Qame.  Dissolves 
rendily  in  strong  sulphuric  acid,  with  separation  of  sulphur;  giyos  off 
sulphuretted  hydrogen  when  treated  with  hot  hydrochloric  a^udj  not 
decomposed  by  caustic  potash. 


XieUI-HmulA-flmtev,  from  £«yii.Altuikirclieii  (KobeU.) 
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NI  *0-65 
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Nickel  axd  Zing. 


J 

pattBof  nne- 


NiOKEL-ZiNC— 1  part  of  nickel  powder  unites  with  S  foxta  ol 
(oil,  emitting  a  red  light,  »nd    forming  a  Uackiah -violet   powder  and 
brittle  metallic  globulea>  (Oehlen.)     The  combination  is  attended  with 

combustion  and  explosion.  (G«rsdorff,  Fo^y,  8,  103.) 

B.   SnLPIIATE    OF    N1CKEI.-OXIDE    AND    ZlNC-OXlDE. — Zinc  diSBollta, 

with  evolution  of  hydrogen,  in  aqueous  nickcl-sulphato  containing  cxcow 
of  acid.  The  solution  yields  pale  green  crystals  rPsembling  the  rhombic 
crystals  of  niokol-eulphutej  they  have  a  sharp,  astringent,  and  metallic 
taste,  oiHoresco  with  ease  to  a  wliito  powdor,  and  dissoTve  in  3  or  4  parts 
of  cold  water.  (Tupputi.) 


Nickel  and  Tin. 
NicSEL-T IN.— White,  hard,  Lrittlo  alloy. 

NicEEi.  AND  Lead. 


d 


A.  Nicitel-Lead. — The  two  metala  may,  with  some  diSenlt^,  fcs 

made  to  unite  an<l  fonit  a  grey,  slightly  lustrous,  laminar  and  fnablo 
alloy.  (Cronstodt,  Tupputi.) 

B.  Pluhbite  of  NiCKEir^xiDE.— Analogous  to  nicoobte  of  magnesia- 

Nickel  and  InoN. 

Alloys  of  Nickel  akd  Iaon. — Combination  t^cs  place  with  ease. 

a.  3  piirts  Nickel  to  2  Iron:  Grey,  moderately  hard,  perfectly 
nialleablo  alloy,  whose  magnetic  jiowor  is  to  that  of  iron  as  35  :  S5. 
(Laaipadias.)  " 


J 


METBOIUC  IRON. 

6.  1  pt.  Kickel  to  10  Iron:  Greyieh- white  indining  to  yellow,  ioaa 
malteabte,  snd  less  inclineil  to  roat  than  pure  iron.     Sp.  gr.  7"849. 

c.  1  pt.  Nickel  to  33  Iron;  Somewhat  whiter  tlian  iron,  and  loss 
hictined  to  rust,  but  equally  taolleable.  Sp.  rt.  7-804.  (Faradi^  & 
Btwldart,  GUb.  66,  289.) 


Meteoric  Iron  also  is  principally  an  alloy  of  iron  &d<1  nickel, 
following  are  analyses  of  various  speci-meua; 


Kf 

Ma,,,. 

F. 

.  6«-SB  . 

.  85-61 

Co 

.     0-89 

.  21-71  . 

.   12-28 

Cn 

Sn 

C   

8    

.     4-00  , 

CI 

AMrf.. 

,.     0-13  .. 

.  88-01  .. 

..     0-46  .. 

.  io-7a  ., 


99'M  „..  98-7B  ....100-0  ....100-0*  ...  99-70  ,,,.100-00  ..,.  9931  ...,100-00 

a.  From  ClairhoruOi  in  Alabajua,  (Jacksou.) 
fi.  From  Cap;  sp.  gr,  7-665.  (Welirle.) 

c.  From  Ritlburjj  (Stromeyer);  had  been  previously  fused  at  the 
forgD.  Fragments  of  the  unfuBod  masa  have,  according  to  St«iniugcr,  a 
density  of  6-14. 

d.  The  Pallas  meteoric  iron  from  Siberia  (Bet»eliiis).  Tho  word 
Intnl.  denotes  the  portion  insolublo  in  hydrochloric  ociU,  the  analysis  of 
whioh  is  given  below. 

e.  From  Louisiana.   (Sliepard.) 
/.  From  Potosi.  (Morren.) 

g.  From  Hraschina  near  Agram;  sp,  gr.  7-78.  (Wehrlo.) 
k.  Metallic  mass  "  dcs  verwii»Khl«n  Bwggm^fa^"  in  Elbogen.  (Ber-    | 

zelins.) 
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.  91-23., 

93-57. 
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.  88-36 

0-66, 
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8-afi. 

.    B'Sl.. 

6'6a. 

.4-61.. 

3-ai. 

.    4-80 
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0-50 

e;-3s  . 

.  91-8 

3-25  .,..     2-50  , 


98-04  „„  99-72     HlO-72 


lOO-OO  .  .  99-99  ,„  lOO-OO  .,,.100-60  .. 


99-0 


i.    From  Lenarto;  sp.  gr.  7-798.  (Wehrlo.) 
k.  From  Tokavito  in  Columbia.  (Boussingault,) 
I.   From  Atacama.  (Tumor.) 

m.  From  the  eastern  sboro  of  the  Great  Fish  Rivor.  (HorecUoI.) 
n.  Frou  Bohumilitz  in  Bohemia  j  ImoI.  denotes  the  )>ortion  insolubia  ' 
in  nitric  ooid. 


o.  Mettllic  pailieloc  oxtnutml  by  Uta  mBgnel  hwat  tht  meteoric  iroo 
from  Macsilonia,  contninins  raagnetic  pyrites  Wilier  with  Dickd-iroD. 

p.  From  Durango  in  Aleiico.  (Klaproth.) 

q.  From  Brabln  in  Polajid.     a.   Blaish  rariely;  p.  whit«.    (Laogier) 

Tlio  8p<?cimens  of  meteoric  iron  from  Cau,  Agr»ni,  Bittburg,  LeotrMs 
Gotlin,  and   ElliofreD,  ami  likewise  those   from    Brasil,    Buenos  Ajfm, 
Lonsiuia,   and   Siberia,   coat&ia   from  O'l  to  0'2  por   cent,  of  cop{ 
(Strom  ejer.) 

Composition  of  the  reaJdnee  insoluble  in  acids; 


Hk 9-66  I 

Ni 18-33  I 

fc..- - 48-67 

Co  tod  Sa. trace 


Cud  Ion     4-87 


l   15-01 


100  00         ...       100-00         .  .  9S-4a 

a.  The  residue  left  od  ilissolving  the  Pallaa  iron  from  Siberia  in  dilola 
hydrochloric  arid.— A.  The  same  from  the  Elbogcn  iron. — c.  When  the 
meteoric  iron  from  Bohumilitz  is  dissolved  in  dilute  nitric  acid,  an  insolu- 
ble residue  is  left,  amomiting  to  between  220  and  2-26  pereenL;it 
consiata  of  about  equal  parts  of  wLite,  metal-shining  scales,  whose  COD- 

Cosition  is  given  under  e,  and  a  corbonaceoos  anhstancc,  after  the  com* 
ustion  of  which  there  remtuus  a  small  qnantitv  of  basic  phoGphate  of 
ferric  oxide,  together  with  nickel-oxide,  silica,  ana  a  trace  of  ohromc-iron- 
ore.  These  insoluble  phosphorus-compoundk  appear  to  be  the  cause  of 
the  crystalline  fisures  ( Wiedraanttadl't  fiffiira)  which  nro  developed 
when  a  bright  surface  of  meteoric  iron  is  etched  with  aoids.  (BerieliuA) 
For  other  analyses  of  meteoric  iron,  vid.  JahreAtr,  L.  ifc  K.;  1847-8, 
p.  1298;  1849,  p.  827. 

B.  and  C.  NiccoLATE  of  Ferrottb  Oxide,  and  Fsrrite  of  Nickel- 
Oxide. — Analogous  to  niccolate  of  magnesia. 

B.  Caiiuide  of  Nickel  and  Iron. — 1  part  of  nickel  forms  with 
8  or  10  parts  of  steel,  a  damask-ligurcd  alloy,  which  has  s  density  of 
"'GS'I,  and  rusts  much  more  quickly  thiui  pure  steel.  (Fataday  & 
Stoddart.) 

F.  SuLPniDE  OP  NicKKL  AND  Iron. — Troti-nkltt  FyriUt  [Sum- 
nickelkies). — Cryatalline  maeses,  with  cleavage. planes  parallel  to  the  faea 
of  a  regular  octohcdron.  Sp.  gr.  4-6.  Hudnesa  egual  to  that  of  msg- 
netic-py rites.  Colour  light  oronzc-brown ;  lustre  faintly  metallic.  Not 
magnetic.  The  pulverized  ore  was  freed  from  magnetic-py rites  by  the 
magnet,  previous  to  anaWsis;  it  is  Likewise  mixed  with  copper -pyrites, — 
hence  the  copper.  (Th.  Schccrer,  Fogff.  58,  315.) 

Iren-niektl  pyritt*. 

iFe „ 66-0        ....        4l-gS        40-31 

INi 29-8       ..-.       88-10       „ 21-07 


35-95       36-64 


aFeS,NiS  .-..       Isa-S         .,..      IIHJ-OO        „.„,        98-70 


p.  SULPRATE  OP  NlCKEt-OXIDR  A»D   FeBROHS   OXIDIl PormB  With 

water,  ffreen  rhombic  crystals,  which  crumble  to  a  yellow  powder  when 
,   flxpoaeiTto  [he  air.  (Link,  Crell.  Ann.  1796,  1,31.) 


NrcKKL  AND  Cobalt. 
Nickel-cobalt. — The  two  metala  easily  fuse  together. 

Other  Compounds  of  Nickel. 
With  Copper,  Mercnry,  Silver,  Gold,  Platinam,  and  Palladiam. 


Cuapter  XXXV. 


COPPER. 


troOBt  on  Copper.  Aim.  Ckim.  32,  26;  also  CrtH  Ann.  1800,  1,  39.— 
J.  Phsi.  51,  173;  also  Scher.  J.  8,  290.— 7.  /"Ayi.  53,  89;  also 
Scker.  J.  0,  388;  also  Gilb.  25,  104.—^.  Phy>.  59,  303;  also  A.  Geil. 
6,552.-7.  PAiji.  70,  12G. 

KaratcD.     fsi/»lem  der  Metidlargie,  5,  231;  aUo  Sehw.  68,  25j. 

Kane.     Aiumoniacal  cumpuuDds  of  Copper.     Ann.  Chlm.  Pkyt,  72,  265, 


SyHONY.MV^a.     Cuivre,  Kiipjer,  Cuprum,  Vtnua. 

Biitori/. — Known  from  the  earliest  times;  the  name  i^  derived  from 
that  of  the  island  of  Cyprus.  Many  of  its  compounds  hare  been  most 
exactly  investigated  by  Proust. 

Sources. — Aa  native  copper.  ^  Largo  niaspes  of  native  copper  hare 
been  found  on  the  coast  of  Lake  Superior  in  North  America.  Forrest 
(Sill.  Am.  J.  [2],  4,  H-J)  describes  n  mass  found  on  the  south 
of  that  lake,  near  the  mouth  of  the  river  Elm,  which  was  3^  feet 
iong,  2^  feet  bread,  between  7  and  8  inches  thick,  and  weighed  1625 
pounds.  Ite  surface  exhibited  specks  of  metallic  silver,  and  partides  of 
syenite  and  sandstone  wero  found  in  its  cavities.  It  appeared  to  bare 
been  transported  from  a  bed  of  greenstone  situated  eight  or  nine  miles 
to  the  southward,  in  which  raasees  of  native  copper  are  found,  likewise 
dotted  with  silver.  Another  mass  previously  found  in  the  same  locality 
'eighod  2200  pounds.  A  third  mass  weighing  110  pounds  is  uionlionod  by 
Counter  {C'ompC.  rend.  28,  ICl)  as  likewise  coming  from,  tb*  eib,w«a  'A 
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waUir  from  tiitiies,  in  which  enprie  sii)phat«  is  prmluTOd  hy  the  woa 
of  ores  confining  stilphide  of  copper,  and  likewise  to  the  ley  obtainj 
roasting  ores  of  this  Datura  and  pxh&uetiQg  the  product  with  water.'i 

a.  is  Swedish  copper  (SeheAen-hip/er). — ft.  from  Mansfeld  (v.  K^^ 
J.  pr.  Chan.  1,  37S). — e.  Copper  from  Switzerlaod,  dietiDgaiahed  \tj 
peculiar  eoftness  and  malleabii  ity,  partly  attributaLIc  perha{ts  to  Ik 
potassium  which  it  contains.  {BerUiier,  Ann.  Chim.  Phya.  4'  — ' 
d.  Native  cojiper  from  Bmil,  Gp,  gr.  8*062.  (Harohuid  Ac  I 
J.  pr.  C/iem.  27,  193.) 
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^For  analysea  of  copper  coutiviniDg  nickel,  vid.  JahrtAtr.  L.  k  S. 
1847-8,  1088.] 

Karaten  never  found  snlphar  in  toughened  copper. — The  JanuieH 
copper  is  nearly  pore;  other  kinds,  whiuh  are  lesa  pure,  may  be  A«ed  from 
the  other  ignoble  nietais,  by  ignition  for  half-an-hour  with  one-tUrd  of 
their  weight  of  nilre  in  a  covered  Hessian  crucible.  fLampadiUa) 
T  Percy  (CAtoi-  Oaz.  1819,  47)  lias  examined  copper  mixed  with  phos- 
phorus by  fusion;  he  fuunil  in  two  specimens,  0-93  and  2-11  phoaphonii 
together  with  1  OO  and  2-41  iron  (arising  from  stirring  the  fused  tnetol 
with  nn  iron  rod).  'J'he  copper  thus  alloyed  was  distinguished  by  pecuUu 
tiardneEB,  ami  its  malleability,  though  less  than  that  of  ordinary  coppcf, 
was  not  im[iaired  to  a  degree  corresponding  to  the  increase  of  hardneM.  Y 

Properlifs. — The  crystals  of  native  copper,  and  likewise  those  obuioed 
by  fusion,  belong  to  the  regular  Bystem,  Fiy.  I,  2,  3,  4,  5,  8,  and  tl. 
Haay  likewise  found  native  copper  in  the  form  of  /^.  138,  and  Se«beck 
found  in  Hermbstadt's  collection,  artificial  cryslals  apparently  belonging 
to  the  rhoniboidal  system.  It  has,  however,  been  shown  by  Uaidinger 
and  G,  Rose  (Poffff.  23,  197;  55,  331),  that  these  formd  are  macTed 
tiryslals  of  the  pyramidal  cube,  and  therefore  belong,  like  the  otbart,  to 
the  regular  system. — When  a  dilute  solution  of  copper  is  left  for  some 
time  in  contact  with  wood,  the  copper  is  sometimes  deposited  from  tlie 
liquid  in  cubes,  octohedrons,  and  long  four-sided  prisma  (elongated  cubes) 
acuminated  with  4  (octobcdral)  faees  resting  on  the  edges.  (Wagner, 
Schw.  47,  325.)  In  other  cases,  the  wood  precipitates  the  copper  in  tMn 
ductile  plates  with  warty  surfaces,  (Clement,  Ann.  Chim.  Phyg.  21,  440; 
alsoiS't^v.  44,  80;  Biscbof,  Po^^.  8,  195.)  Copper  in  the  massive  state,  i> 
very  bard  and  elastic  and  strongly  sonorous;  it  has  considerable  luagh- 
ncss,  may  be  beaten  out  into  very  thin  leaves,  and  drawn  out  into  very 
fine  wire;  its  fracture  is  red,  sliming,  indented,  nnd  slightly  granular; 
after  hammering,  it  exhibits  a  sinewy  fracture,  with  a  light-red,  wlky 
radiance.  The  greater  tlio  purity  of  cop|>er,  the  greater  is  its  mall^bility 
and,  generally  speaking,  its  softness,  and  the  less  heat  does  it  require  to 
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deprive  it  of  the  brltltcne^  piwluccJ  hy  bentiog.  Copper  contuninatoil 
ivilli  otbar  nietaU  exbibitg,  not  an  iDjeuted,  but  uscaly,  granular  fracture 
with  but  littJo  lustre,  and  after  baniMeririg,  a  se^ly,  ilingy-red  fracture, 
also  with  but  feeble  lustre.  (Kareten.)  Fnr  tho  effect  of  particular  impu- 
rities, vid.  Copper  and  Carbon;  Co.  aud  Polaesiumi  Cu.  and  Arsenic; 
Cu.  and  Antinionj;  Cu.  aud  Bi'emutbj  Cu.  and  Zinc;  Cu.  aucl  Tin;  Cu. 
and  Lead;  Cu.  and  Iron.  Sp.  gr.  of  native  cryatalli zed  copper,  8'94;  of 
copper  precipitated  by  the  elootruiypo  proceBa,  8'914;  of  pure  copper  after 
fiieion,  8'D21;  of  nnigniteJ  copper  wire,  from  8-939  to  8-043;  of  ignited 
wire,  8-930;  of  flattened  wire,  8-,0j  I ;  of  copper  plate  formed  by  rolling 
and  afterwards  hammered,  8952,  Sic,  &c.  (Marctiand  and  Scheerer, 
J.  pr.  Ckem,  27,  193.) — Since  copper  in  fuaing  tnkea  up  oxygen  from  tbe 
air,  which  it  afterwards  gives  off  on  eolldifyin^,  it  generally  containa  air- 
cuvitlea  within  iL;  substance,  which  diminish  ita  speciGo  gravity;  and  as 
these  cavities  are  diminished  in  sixa  by  tbe  subecquent  hiimmering, 
rolling',  or  wire-drawing,  the  specific  gravity  of  the  copper  is  tliereby 
increased.  As  this  circumstance  was  formerly  not  snfGciently  attended 
to,  It  was  auppoBod  that  copper  increased  considerably  in  density  by 
working  {yid.  infra).  But  copper  fused  under  common  salt,  whicm 
prevents  the  absorption  of  oxygen  from  the  air,  has  a  density  of  8'921, 
which,  by  a  pressure  of  300,00o£s.  In  the  hyitruulic  press,  ia  increased  only 
to  8'930,  an  Increoae  so  slight,  that  it  is  probably  due,  not  so  much  to  ui 
actual  approximation  of  the  atoms  of  the  metal,  nti  to  tbo  diminution  of 
hollow  tipures  still  remaining  in  it.  (Scheerer  &  Marcband.)  — Older 
tletenninationH  of  the  specilic  gravity  of  copper:  Fuiiad,  S-788;  hammered 
S-8TS  (Brissou);  fused,  S-S.i;  hammered,  8'Od  (Bernelius);  fused,  8-90 
(H^ropatb);  fused,  8-89tJd;  after  ignition  and  fusion  with  charcoal,  8-926; 
sfter  fusion  in  tho  air,  8'6345  (Karsten).  Copper  is  especially  diatin- 
^iahed  by  its  red  colour. 

In  the  finely-divided  state,  copper  is  a  soft,  dark-red,  dull-looking 
|>owder,  which,  if  pressed  together  while  rod  hot,  welds  together  into  a 
.-*«ompact  mass. — Pulverulent  copper  is  obtained:  1.  By  reducing  the 
VarboRate  at  a  very  geiitlo  heat  in  an  atmosphere  of  hydrogen.  (Osann, 
Fogt}.  52,  406.) — 2,  By  boiling  a  concentrated  solution  of  blno  vitriol  not 
'containing  free  acid,  with  distilled  zinc.  Aa  soon  ns  the  liquid  loses  Its 
colour,  which  it  does  in  a  short  time,  the  zinc  ia  removed,  and  the  copper 
powder  well  boiled  with  dilute  sulphuric  acid,  thou  wai^lied  uninterruptedly 
irith  water,  pressed  between  bibulous  paper,  aD<l  dried  at  75',  or  in  a 
'Warm  retort  throngk  the  tubuluro  of  which  a  stream  of  hydrogen  is 
'jiassed.  (Bottger,  Jiin,  i'A«rm.  39,  172.) — 3.  By  igniting  a  mixture  of 
'5  pts.  dichloride  of  copper,  and  6  dry  carbonate  of  soda  with  sat- 
'wnmoniac,  and  afterwards  exhausting  with  water.  (Wohler  &  Liebig, 
^Toffff.  21,582.) — Pulverulent  copper,  after  being  pressed  together,  may  be 
i'welded  In  the  same  manner  as  platinum  by  Wollaston'a  molbod,  with  the 
itecaution,  however,  of  saturating  it  with  oil  before  each  ignition,  to 
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revent  the  formation  of  oxide.  (Foarnet,  Ann.  Chim.  PAi/i.  75,  435.) 
Jn  this  welding  property  of  copper,  is  founded  Osann's  method  of  obtain* 
ing  impressions  in  copper  by  pressure  and  ignition.  {Pogg.  32,  40G.) 

Copper  melts  at  1207'  (Ouylon  Morveau),  at  1398'  (Daulell),  more 
a«ily  than  gold,  less  cat^ity  than  silver,  and  in  tho  fused  state,  exhibits  a 
tlniiib-green  colour.  It  expands  in  solidifying. — On  the  mirror-surface 
Jf  melted  copper,  a  nnmbcr  of  dull  stellato  spots  quickly  form  and  dia- 

Bftppcnr  agtun,  as  long  as  it  continues  in  tho  liquid  slate.  (Karaten.V— 
—Copper  containing  rod  oxide  fuses  more  readily  than  pure  copper,  but 
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iloea  not  form  bo  tliin  a  liquiil,  So-irisg  oa  Dig  contraTy  la  thicker  Gtraurn, 
whicli  wli Jify  more  slowly;  the  Jull  spot*  on  the  surface  are  larger,  do 
uot  oidiibit  tho  HOiuo  active  moYcment,  aod  go  od  iurreaeing  Ull  Utt 
Burfaoo  i<  solidified.  If  the  proportion  of  red  oxide  is  large,  the  tins 
dooe  not  exphnd  in  Bolidifying.  An  admixture  of  O'l  per  ceut.  of  poUu- 
sium,  cine,  or  lead,  ia  liliowiae  suRScient  to  prcrent  expsnaion  in  eolidifj^g. 
Copper  eontwuiog  carbon  bohavea  iu  the  fnged  state  like  pure  copper,  bnt 
the  motion  of  the  r^pote,  aa  they  appear  and  disappear,  is  still  moro  Uvrij. 
(Kantcn.) 

Copper  exposed  to  the  air  while  in  the  melted  Etate,  absorlie  a  email 
quantity  of  oxygen,  which  esc&pos  again  as  tlie  metal  eolidifiea,  and 
eomeliiiiea  makes  tho  copper  pantos,  sometimes,  on  sudilen  cooling,  braJoi 
through  tho  cmst  alreaJy  formed  on  the  surface,  and  produces  Epilting  « 
projection  of  the  cotiper  (ttei  Sjiritien  oJ^r  SpraTtim  </'■«  Kjipfcrit).  Thw 
feet,  first  asaertod  by  Lncas,  and  afterwards  denied  by  Clievillot  and 
Schwejgger-Seidel  {Schw.  £3,  195),  is  established  by  the  following  ohse^ 
vationa:  Copper  kept  in  a  state  of  fusion  in  the  air,  and  then  pooped  into 
water,  produces  violent  detonations,  an  effect  which  is  not  prodaccd  if 
the  copper  be  previously  fused  for  half  an  hour  under  a  layer  of  charcoal 
powder;  in  the  former  case,  the  copper  is  brittle  [from  the  presence  of 
red  oxide  11,  in  tho  latter,  ductile.  (Lucas,  Ann.  Ckim.  Phj/s.  Ii,40a.) 
Fearful  explosions  are  likewise  produced  by  pouring  water  ou  iho  anrbco 
of  molted  copper  before  it  solidilies.  Copper  which  spits  after  refining 
■ — iu  which  case  snuill  grannies  of  melol  aro  thrown  up  to  the  height  of 
8  inches  (Gilbert,  Gill.  37,  3714) — is  brittle  whereas  that  which  duo*  not 
spit  is  ductile.  (Sobwoiggor-Seidel.)  —  When  copper  spits,  the  hisdng 
noise  of  tho  evolved  gnaes  is  distinctly  beard.  (Marx,  SeAic.  55,  108.) — 
When  copper  is  fused  umlor  a  layer  of  common  salt,  it  exhibits  a  smooth 
surface  after  eoUdificution,  and  no  hollow  spaces  when  sawn  through;  bid 
copper  fused  under  a  layer  of  Snorspar,  or  fluorspar  with  gta^s,  borax 
witli  glass,  or  carbonate  of  soda  with  glass,  exhibits  vacant  spaces  cloN 
under  the  surfkcc  when  sawn  tlirough,  and  warty  elevations  on  the  snr- 
fitce  corresponding  to  these  cavities;  if  it  he  slowly  cooled  after  fusion, 
the  cavities  are  less  considerable,  and  consequently  the  specific  grarily  fa 
higlier,  but  still  below  the  true  specific  gravity  of  the  solid  metal.  Com- 
mon salt  forms  a  well-fused  covering,  which  appears  to  prevent  coin- 
pletely  the  access  of  air;  bnt  Buorspar,  or  a  mixture  of  ihaA  substaiw 
with  glass,  diws  not  fum;  perfectly,  and  therefore  does  not  prevent  th« 
contact  of  the  air.  When  a  mixture  of  borax  or  carbonate  of  soda  with 
glass  is  used,  it  may  be  supposed  that  the  copper  takes  oxygen  from 
these  compounds  [or,  perhaps,  that  these  fluxes  take  up  oxygen  from  the 
air  and  transfer  it  to  the  copporl.  (Marchand  &  Scheerer,  J.  pr.  CheU- 
27,  105.) 

Copper  boils  at  an  inteuBe  white  heat,  e.g,,  before  tlie  oxy-hyilr(^ 
blowpipe. 

Compowidi  of  Copper. 

Copper  and  Ox v  gen. 

1,  Copper  in  the  maesivc  state  does  not  oxidate  at  ordina^  b 
lorcB  in  dry  air,  or  even  in  damp  air,  unless  carbonic  acid  is  i 
When  heated  to  redness,  its  surface  assumes  a  yellow,  and  then  a 
tint,  and  ufterwavils  Wcomua  mi»e&  -^\tlv  a  black  crust,  wbioh  a 


CUPB(JUB  OXlBE,  W^ 

WpTOloxIde  withfrat  and  dioxido  within,  and  falla  off  in  ecalce  when  the 
metal  ia  saddenly  cooled  in  water;  Scale-oxide  of  Copper.  Copper  plate 
kept  at  a  bright  red  lieat  for  i — 7  hours  in  a  mnffle-tube,  is  for  the  most 
part  conveKed  merely  into  dioxide;  it  is  only  when  the  metal  in  the 
inner  part  has  completely  disappeared,  that  a  larger  proportion  of  prot- 
oxide is  formed.  (Anthon,  Eeptrt.  76,  21G.)  Finely-divided  copper  takes 
fire  in  the  air  at  a  temper»tttre  conaiderably  below  redness,  and  ia  con- 
verted into  protoxide. — When  copper  is  fused  in  the  air  in  conaderable 
qiiantitiee,  largo  crystals  of  the  dioxide  are  often  formed.  (Mit^cherlich.) 
Copper  kept  at  a  white  heat  till  it  boile,  burns  with  a  light  green  flame, 
nun  is  converted  into  protoxide?  Flovreri  of  Copper.  Floret  Cvpri. — 
2.  In  contact  witb  water  and  air  containing  carbonic  acid,  copper  becomes 
tarnished,  first  with  a  blackish -grey,  and  then  with  a  blnish-green  colonri 
Copprr-rast,  also  the  so-called  Yeriiigria.  (Bonsdorff,  Fogg.  42,  357.) 
Copper  which  has  been  buried  for  centuries  in  damp  earth,  is  found  to  b* 
converted  externally  Into  carbonate  of  the  protoxide  {Aerugo  nobilh),  and 
internally  into  crystalline  dioxide.  Oreon  carlmnate  of  the  protoxide  aoon 
shows  on  the  outside,  dioixide  beneath  that,  and  unaltered  metal  in  most  of 
all.  (Niiggerath,  Schie.  4-5,  129.)  According  to  Bocquerel  {Ann.  Chim. 
Pkyt.  51,  iOe),  green  and  blue  carbonate  soon  forms  on  the  outside,  while 
the  inner  portion  is  almost  wholly  converted  into  cnbea  and  cubo-octobe- 
drons  of  the  dioxide. — In  a  dilate  solution  of  canstic  potash,  in  which  iron 
remains  bright,  copper  becomes  oxidized,  and  with  peculiar  rapidity  at 
those  paria  where  it  is  in  contact  with  air  and  water  at  the  same  time. 
(Payen,  J,  Chim.  Mfd.  9,  205.1  Copper  wetted  with  strong  potash-  or 
soda-ley,  acquires  a  brown-hlact  colour  by  erposare  to  the  air  for  a  few 
hours — more  slowly  when  moistened  with  a  dilute  solution;  still  more 
slowly  when  it  is  immersed  in  u  dilute  alkaline  solution  placed  in  an  open 
vessel,  but  even  then  more  quickly  than  in  pure  water.  In  water  con- 
taining y^  part  of  canstio  potash,  the  Mackening  takes  place  in  a  few 
daj-s;  in  a  very  dilute  solution  of  potash,  the  alteration  produced  ia  but 
alight;  and  iu  lime-water,  even  when  diluted  with  twice  its  own  volume 
of  water,  the  copper  relajua  its  lustre.  (A.  Vogel,  J.  pr.  Chem.  14,  107.) 
iCoppcr  oxidizes  readily  in  saline  solutions;  TesB  easily  when  carbonate 
potofib  is  added  to  the  liquid.  In  a  eolution  of  common  salt  mixed 
Eh  carbonate  of  soda,  it  becomes  covered  in  a  few  days  with  a  brown 
a  of  dioxide,  whereby  it  is  bronzed.  (Wctzlar,  Schw.  49,  488).— 3.  At 
"white  boat,  copper  alightly  decomposes  vapour  of  water,  very  slowly 
Bning  a  small  quantity  of  protoxide.  (Regnault,  Ann.  Chim.  Phyt. 
L  364.)  It  does  not  liberate  hydrogen  gas  when  boiled  with  hydro- 
loric  acid  (A.  Vogel,  S<hvi.  32,  301),  or  with  dilute  sulphuric  acid.— 
'  It  decomposes  heated  oil  of  vitriol  and  nitric  acid,  liberating  sulphur- 
I  acid  in  tlio  one  case,  and  nitric  oxide  in  the  other,  and  forming  a  salt 
llie  protoxide. 

A.  CUPBOtlB  OxiDB.     Cu'O. 

JH-oxii!e  fif  Copper,  Oxi/Jc  Culvreux,  Fed  Oxide  of  Copper,  Fothet 
ufifeTOxyd,  Protoxide  dt  Cuivre. — Found  native  in  the  form  of  lied 
jgfptr-ore,  which  appears  to  have  been  formed  by  oxidation  of  copper  in 
9  hum  id  way. 

■  wires   under  the 


— 1.  By  exposing  very  thick  copper 
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..  _  doll  red  IiMt.  The  cnprona  oxide  is  deposited  on  Uifl  tcihiiI* 
ing  button  of  metal  in  hisck  m&seea  of  cryatala,  whicb  yield  m  fatfWni 
iwder.  (M&rchand,  J.  pr.  CKem.  20,  503.) — 2.  One  part  of  fitwlf 
ivided  neUllic  copper  obtsiDe<l  by  precipitation  with  iron,  is  misid 
with  1^  pt.  cn]iric  oxide,  »nd  ex}>o«ed  in  %  clnae  vessel  to  %  low  red  htti 
(Chcncvii);  or  copper  plnle  is  arranged  in  nltemate  layers  with  cupiil 
oxide  and  igniteil, — after  which  the  enperahandant  taelAl  may  be  euil^ 
seMr&ted  from  the  red  oxide.  (Berzeliu^.) — 'A.  A  mixture  of  '2\  p&rt«u 
dohydrated  blue  vitriol,  and  29  i«xta  of  copper  filings,  is  heated  in  * 
porcelain  retort  or  a  well-eloced  crucible — wbereupun  sulphuruua  acid  i» 
i^volred — and  the  Teasel  ia  not  opened  till  perfectly  ortld.  The  rod-hrowi^ 
gruinlar  mii8B  thus  obtained,  yields  a  red  powder,  and  U  free  from  ral* 
phur  and  metallic  copper.  (UUgren,  Pog<j.  55,  527.) — 1.  By  he»tii|{ 
100  part^  of  crystalliied  blue  vitriol  with  37  parts  of  crystalliied  ueao- 
carbonate  of  Boda,  till  the  water  of  crystallization  is  oxpelle«l — mixJBj 
the  powdered  residue  with  2a  jiarts  of  copper  filings — EtAnipiug  UiB 
mixture  closely  into  a  crucibto— exposing  it  for  20  minutes  to  a  white  hell 
— and  washing  the  mass,  afler  cooling  and  pulverimlion,  with  vahe 
Thia  procegB  yields  about  50  parts  of  fine-coloured  red  oxide.  IftinM 
the  ijuantity  of  carbonate  of  eo'la  in  need,  sufficient,  that  is  tj>  say,  to 
take  up  all  the  sulphuric  ncid,  the  dioxide  obtained  is  mixed  with  prot- 
oxide. (Malagnti,  Ann.  C/iim.  Pkyt.  51,  216;  alao  J.  pr.  Chcm.  2,  167.) 
— 5,  A  mixture  of  5  pta.  dichloride  of  copper  (prepared  by  evaporatii^  I 
solution  of  the  protochloride,  and  fusing  the  refiduo  in  a  crucible)  w4 
3  pts.  anhydrous  carbonate  of  aoda,  is  fused  at  a  gentle  he&t  in  a  corend 
crucible,  aud  the  residue  exhausted  with  water  (Wiibler  &  Liebig,  Pogg. 
21,  581.)— C.  Dichloride  of  copper  is  decomposed  with  aqucoos  carboi>*l« 
of  potash  in  a  closed  retort;  the  precipitated  cuprous  hydrate  washed  io 
the  retort  with  well-boiled  water,  the  ait  being  oirefully  excluded;  aai 
then  heated  in  the  retort.  (Prouet.)— 7.  Hydra  ted  protoxide  of  copper  Ii 
hented  in  a  solution  of  sugar  containing  potash.  The  hydrate  gmduallT 
disfiolvee,  and  immediately  faJla  ilown  again  in  the  form  of  [hydratadlj 
yellow  dioxide,  being  reduced  to  that  state  by  the  angar,  (Ilunton,  PKL 
Mag,  J.  11,  154.) — Or,  niore  conveniently:  An  nqueous  solution  of  I  pL 
blue  vitriol  and  1  pt.  sugar  is  heated  with  a  sulticient  i^nontity  of  «od>  U 
redissolve  the  precipitated  copric  hydrate,  and  the  hlue  liquid  gntly 
warmed.  The  cuprous  oxide  is  then  precipitated,  free  from  water,  in  tM 
form  of  a  powder  which  presents  a  crystalline  appearance  when  exammtA 
by  the  microscope.  (Mitscherlich,  J.  pi\  Cltem.  10,  450.) — Or  n  cold  eata- 
rated  solution  of  blue  vitriol  is  poured  into  potash-ley;  9  parts  of  tb« 
resnlting  hydrate — after  being  washed  upon  linen,  and  pressed  to  frw  it 
from  the  greater  part  of  the  liquid — diffused  by  agitation,  while  «l 
moist,  through  a  solution  of  27  pts.  sugar  and  60  pts.  water;  &  sohttioB 
of  18  pts.  potash -hydrate  in  60  pts.  water  is  then  added  to  the  liquid;  ib 
whole  agitated  and  filtered  through  linen;  and  the  dark  blue  lianidheatei 
with  constant  stirriug,  in  the  water  bath,— whereupon  it  is  deeompoifri 
and  yields  a  deposit  of  fine-coloured,  red  cuprous  oxide.  The  prodoet  ii 
washed  with  water,  pressed  between  paiier,  and  carefully  dried,  f  Batten 
Ann.  Phani.  39,  176.)  i      *^"i 

Proptrtiet. — Caprous  oxide,  both  natural  nnd  artifioiul,  cryst&Uiiea  is 
forms  belonging  to  the  regular  Bvsteni.  Figs.  1 ,  2,  3,  4,  5,  6,  8,  aaJ 
othm;  cleavage  parallel  to  o.  Phillips  [Ann.  Phil.  17, 150).  byattOT^ 
igniung  artificial  cuprous  oxide  iu  a  crucible,  obtained  alteruale  layers  of 
copper  and  cuprous  oxide,  live  laVtot  crsalallized  iu  cubes  and  ootohodioiau 


r  CUPROUS  OXIDE. 

Btrder  tbui  rolcspar.  Sp.  gr.  of  the  native  oxide  5'3  (P.  Boullay);  of 
fery  pure  crystals  5743  at  4°  ia  vacuu  (Royer  &  Dumas);  5-751  (Kar- 
Men);  6-003  (Hempath).  Lustre  adamuntiae,  incliniDg  to  seini-metoUic; 
loloor  brownish  (.'ochiiiaal-rcd.  The  poWer,  whotber  of  the  natural  or 
rtificial  crystals,  liiu  a  carmiuo  colour,  which  ia  brighter  as  the  oxide  is 
Brer. 

Copper-hloi/m,  which  likewieo  cousists  of  cuprous  oxide,  and  is  classed 
bong  red  coppcr-orea,  is  found  in  carmine-coloured,  capillary  crystals, 
'Jiich,  according  to  G,  Suekow  {Pagg,  34,  528),  are  ais-siJed  prisma 
etpendiculoTly  truncated,  with  clcaToge  parallel  to  the  faces  of  a  rhombo- 
nlxon,  and  the  angles  at  the  terminal  edges~90°  15'.  Karsten  {Schic 
7,  201)  found  in  the  ore  from  Rhein'broitenbach  a  small  quantity  of 
ielcnium ;  but  according  to  Suekow,  the  purer  crystals  are  cuprous 
,  onl^  tlioao  which  are  taniiahed  containing  1  per  cent,  of  aolonium 

BenelluB.  ChcneTli.  Pronst. 


(CtfO  =  2  .  395-7  +  100  =  691-4.     Bcrteliiis.) 

DeeompotUiom.  Reduced  to  the  metallic  state  by  gentle  ignition  with 
kKROal  or  hydrogen  gas;  aho  by  potassium,  somewhat  above  the  melt- 
K  point  of  the  latter,  and  with  evolution  of  light  and  heat.  By  the 
ction  of  aqueoua  eulphnric  or  phosphorio  acid,  or  of  cold,  very  dJlnte 
trie  acid,  it  is  resolved  into  metallic  copper,  which  scjraratcs  in  the  form 
f  a  red  powder,  and  cuprtc  oxide,  which  disaolveH.  Bromine- water 
rverte  it  into  bromide  of  copper  and  oupric  oxide.  (Balard.) — The 
l«ment  of  Prunet,  that  cuprous  oxide  is  converted  by  a  strong  heat 
to  a  brown  miituro  of  cupric  oxide  and  metallic  copper,  ia  inconsistent 
ith  the  above- described  methods  of  preparing  tlie  oxide  (1,  3,  4, 
^d5). 

1^  Combiiiatiotw. — a.  With  Water. — Hvdraxeu  Cupkoitb  Oxjae,  or 
ItFBOUS  Hyubate. — 1.  By  decomposing  the  dichloride  of  copper,  or  the 
^^^-*,ion  of  that  compound  in  hydrochloric  acid,  with  excesa  of  potash  or 
.  (Proust.) — By  beating  recently  precipitated  cupric  hydrate  with 
I  aqueous  solution  of  milk-sugar  containing  a  little  carbonate  of  soda,  to 
M  boiling  poiut  for  a  few  minutes,  till  it  assumes  an  orange-yellow 
ifoor,  then  diluting  with  water  and  waaliiug.  (Bottger.) — Orange-yellow 
gwder. — The  hydrate  prepared  by  (!)  when  heated  for  some  time  to  100°, 
laiiia  it«  water  and  its  colour,  becoming,  however,  somewhat  darker; 
>.360'  it  gives  olF  ita  water,  which  amounts  to  only  3  per  cent,  and  atill 
'"UU  its  orange-yellow  colour,  which  does  not  oliaugc  to  red  till  the 
t  ia  increased  to  whiteness.  (Mitacherlich,  J.  pr.  CItem.  10,  450.) — By 
^oenro  to  the  air,  it  is  converted  into  hydratcd  cupric  oxide. 

With   a  few   acids,   forming  the    Salts  of  Cuprous  Oxide  or 

EPROtTB  Saltb. — Subaalts  of  Copper. — Since  cuprona  oxide  is  decom- 
led  by  most  acids,  e.g.  pho.iphoric,  sulphuric,  oxalic,  tartaric,  acetic, 
id  very  dilute  nitric  acid,  yielding  metallic  copper  and  cuprio 
le,  which  disaolvea,  and  is  moreover  oxidized  by  certain  other  acids, 
fi>l1owe  that  very  few  cuprous  salt*  are  known.  T  According  to  Fremy 
T.  Ann.  Chim.  Pkys.  23,  391),  hydratad  cuprous  oxide,  b»  obtained  by 
wotnpoeiDg  the  solution  of  the  dichlorid«  m  \tydiocVV<^m  ucA  V>^ 


utrbunate  of  potaah  or  soiln.,  (liH»«lves  in  all  aa'iia,  oven  tlte  weakest,  tuo- 
ducing  eupraut  anits;  but  when  it  liocoraes  auliyilroue— a  cliivnge  wliieh 
may  liike  place  even  when  it  is  immersed  in  water,  and  under  circunistanM) 
notyet  understood,  it  loses  Ibis  haeic  property, and  is  dccoupoaed  byacidi.^ 
Gnprou*  aalts  are  either  cotourlesj  oi  Tud;  they  are  coarerted  iuto  capria 
salts  by  oxpoHiire  to  tbc  air  in  the  moist  state,  also  by  nitric  or  hypo- 
obloruua  aaid.  With  hyilroBolphuric  acid  or  hydrosulphate  of  ammonia 
they  ^ve  a  block  precipitate  of  disulphido  of  copper  iusolablo  in  czeen 
of  the  re'KgeQt  Fixed  alkalis  separata  orange-yellow  cuprous  liydtata. 
Ammonia  and  carbonate  of  animooia  in  excess,  form  a  colourless  mixlnrcy 
which  turns  blue  ou  exposure  to  the  air.  Carbonate  of  p»tasb  tfaiwi 
down  the  orauge-yellow  hydrate;  iodide  of  potassium  :  brownUh-wlute 
diniodide  of  cupper;  ferroeyanido  of  piitassium  :  a  white  precijiitsie 
which  become  brown-red  by  exposure;  and  fcrricyanido  of  potassiui^B 
brown-red  precipitate.  ^^H 

c.  With    Ammonia. — il.    With    bonx  and  glass-fluxes,  forming  |^| 
oouipuunda.  ^^| 

B.  Cdpbic  Oxide.    CuO. 

Protoxide  of  Copper,  Oxi/de  Cvivrique,  Black  Oxide  of  Copper, 
Schteaties  Kupfrroxyd,  Dcjitoxjfde  tie  C'uivT«. — found  native  in  the  fom 
of  Black  Copper  (KupjerKhwarie). 

Preparation. — 1,  By  prolonged  ignition  of  copper  in  the  air.— ^  By 
mising  the  sulphate  of  cupric  oxide  to  aa  intense  red  heat,  or  the  cw 
bonate  or  nitrate  to  a  moderate  red  heat. — 3.  According  to  Fioinus,  tial 
oxi<lo  may  be  conveniently  prepared  by  exposing  a  mixture  of  1  pl> 
copper  filings,  and  2  pts.  deliquesced  oupric  nitrate  to  the  air,  till  tht 
whole  is  converted  into  a  basic  salt,  and  then  igniting  that  Kilt. 

Fropertiea. — Cupric  oxide  mn-y  be  obtained  in  the  crystalline  state  by 
beating  half  a  gramme  of  it  with  2  or  3  grammes  of  pot  ash -hydrate  to 
commencing  redness,  washing  the  masa  when  cold  with  water,  nnd  sepa- 
rating the  flocoulent  cupriu  oxido  from  the  crystalliuo  portion  by  leviga- 
tiou. — Tho  crystallized  oxide  consists  of  regular  tetrahedrons  havinK  > 
strong  lustre.  (Becquorel,  Ann,  Ckim,  Phj/t.  51,  122.) — Cupric  oxida 
cominonly  takes  the  lorui  of  brown -black,  brittle  scales  and  grannies,  oi 
of  a  brown-black  powder,  which,  when  strongly  healed,  assumes  fur  ft 
while  a  pure  black  tint.  Specific  gravity  6-401  (Herapatli),  6-43M 
(Karsten).  Fuses  at  n  very  high  temperature,  and  solidifies  in  a  mast 
having  a  crystulline  fracture. 

Benelioi.  G«;- 

Proust.  tarlitr.  later.  '  i---* 

Co., 32       ...        eu       ...       80     to      8013      .  ,       T9»3b  .       SOM 

O  8      .,,,       20      .  .      20      „      1987      .  .       20175  19-71 


(CuO  =  395-7  4- 100  =  495-7.    BeneUui.) 
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Deeompoiilxona. — Reduced  to  tho  metallic  state  by  gentle  „ 
with  hydrogeu  gas  or  charcoal.  It  is  very  easily  reduced  ou  chatvcftl 
before  the  blowpipe.  If  its  powdor  be  heated  in  a  spoon  to  a  teoiiw- 
rsture  short  of  redness,  and  then  introduced  into  a  vessel  filled  with 
Itydrogen  gas,  it  is  reduced  to  the  metallic  state,  with  incandescence  and 
/(umatjon  of  watet.  (BeiEQlius.).  TIiq  lowest  temperatura  a(  wliiob  cuprio 


cupaic  OXIDE, 

oxido  call  be  reduced  by  hyilra^n  is  the  boiling  point  of  linseed  oil, 
(ScUciitter.)  Cuprio  usiUe  la  likewise  reduced  to  tbe  metallic  state  by 
potaissiuiii  311'J  soiliuiR,  at  tenipt'ratureti  somewliat  belutr  the  melting  poluts 
of  those  metals,  and  with  vivid  incaodescence.  With  fused  cvanide  of 
potafsium  it  yieltls  copper  and  cyanato  of  pota^ih.  (Liol>ig.) — Whea 
cently  ignited  with  metallic  copper,  it  is  converted  into  cuprous  uside, — 
With  jihosphorujs  at  a  red  heat,  it  yiulila  phosphide  of  cop^ier  and  pbos- 
phaJ«  of  cupric  oxide. — Mixed  with  phosphoric  oxide,  it  detonates  slightly 
on  tbe  apfirooch  of  a.  red-hot  cunl,  anJ  is  converted  intu  phwphate  of 
cupric  oxide  and  hrij^htly-glowing  fused  globules  of  phoaphido  of  copper. 
(Leverrier.) — A  mixture  of  cui>ric  oxide  with  exceui  of  sulphur  is  rcxofved 
at  a  red  Imst  into  sulphide  uf  copper,  eulphuroua  acid,  and  a,  trace  of 
capric  sulphate  : 

2CtttJi-2S  =  Cu'S  +  SC. 

If,  on  the  contrary,  tbe  cnpric  oxide  is  in  excess,  cuprous  oxide  andcuprio 
enlphaLo  are  produced,  and  only  a  trace  of  Gulphurous  acid,  excepting 
when  tlie  heat  is  raised  to  the  point  at  which  the  cupric  sulphate  is 
decompoaed.  (Max  Jordan,  J.  pr,  Chcm,  28,  222.) 

7CoO  +  8  -  CuO,SO'+3CiiSO. 
When  protoxide  of  copper  is  boiled  with  aqueous  protocbloride  of  tin, 
bioxide  of  tin  is  precipitated,  and  dichloride  of  copper  dissolved.  (Proust; 
A.  Vogol,  Kaslii.  Arch.  23,  85.)— Hydrated  protoxide  of  iron  and 
hydratcd  protoxide  of  copper,  are  converted  by  mntual  decomposition 
into  hydrated  scsquioxido  of  iron  and  hydrated  dioxide  of  copper,  the 
ktter  of  which  may  be  dissolved  out  I>y  ammonia.  (Level,  Ann.  Chim. 
IPh^.  fiO,  320;  also  J.  pr.  Okem.  14,  115.) 

2r«0  +  2CiiO  =  Fe^O"  +  Cu^O. 

In  prwenco  of  potash  or  soda,  and  with  the  aid  of  heat,  cnprio  oxide  ia 
leooBipoeed  by  arsenious  acid,  the  products  being  cuprous  oxide  and 
■anniate  of  potash.  The  decempoaition  is  ejected  by  mixing  160  pta. 
(4At.)of  cupric  oxide  with  100  pta.  (rather  more  than  1  At.)  of  arsenionB 
peA,  and  wtto  excess  of  eodii,  ana  digesting  the  mixture  at  a  gentle  heat, 

Pth  fretjuent  agitation,  till  all  the  proLoxi'le  of  copper  is  converted  into 
ixido  :  the  aoTution  contains  arseniate  of  soda  : 


)IVben  ammonia  is  used  in  pi: 

ipp«r  is  converted   Into  dii 

pmouia,  forming  a  blue  sol 

ila^  or  Boda  is  added.     A 

Mteati  or  aoda  or  quick-lime, 

^tto  the  dioxide.  (Bonuet,  Pi 


4CuO  +  AsO"  =  2Cn'0  +  AaC. 


dissolved  i 
(ion,  and  no  decolorixation  takes  place  till 
nixture  of  arsenious  acid  with  carbonate  uf 
docs  not  convert  the  protoxide  of  copper 
ig.  37,  300.) — When  protosulphiJe  of  iron 
oxiae  oi  copper,  sulphide  of  copper  is  fomie<l.  (Karsten, 
ScAie.  6C,  401.) — Protoxide  of  copper  ia  reduced  to  tbe  slate  of  dioxide 
}jr  boiling  it  with  various  organic  substances,  «.  y.  with  oil  of  turpentine. 

Cvmbinatiom. — a.  VVilh  Water.  —  Hvdrated  Cupric  Oxide,  or 
L/trrRW  H  vaBATE. — Formed  by  precipitating  a  dissolved  cupric  salt  in  the 
Wld,  with  a  tdight  excess  of  dilute  caustic  potash,  quickly  washing  the  blao 
precipitate  wilh  cold  water,  and  drying  it  at  the  ordinary  temperature  of 
the  air.     The  hydrate  geuerally  turns  black  from  admixture  of  anhydrous 


^^p 


eapric oxide,  erm  during  the  washing  nnd  dryiog.  According  lo  1 
ntfidt,  it  is  more  durable  whon  obtain^  by  thp  notion  of  can  * 
Ckrhonate  of  cupric  oxido  previously  wbII  washed  wiih  walm 
fug,  it  furtiiB  ^rep Dish- blue,  frikble  lumps,  having  a  conchoi<Ul  f 
its  taale  is  alroDgly  metulUc. — Id  the  dry  alalo  it  remuns  and?c4Mnp«aedi 
even  at  100^,  but  at  a  »iiniewhat  hi^'her  tomin'rature.  it  le  converted  iot» 
anbyitroux  black  oxide;  thus,  if  the  hydmtc  b^  heated  on  paper,  tin 
change  lakes  place  at  a  tcmpcfature  not  hijrh  ooonjrli  to  chnr  the  pagwr. 
Under  water  it  likewise  snstaina  a  tcmpornturc  of  100'  [T]  withont  alto- 
ration,  hut  if  ki'pt  for  some  time  under  that  liquid,  it  ia  conrerted  in  tfe 
black  oxide,  with  coDBiderable  diminution  of  volume.  It  is  alsn  c«d- 
Torted  into  block  oxide  by  boiling  in  solution  of  cnnetio  potAsti.  AleobcJ 
doca  not  deeoiii|Hieo  the  hydrate  either  in  the  fresh  or  in  the  dry  stcta 
(Proust,  Ann.  Chim.  Phyi.  32,  41.)— Much  of  the  Blue  vtrditer  nr  Rrtmai 
grfttt  which  1^  found  in  commerce,  consiatB  of  hyd rated  cupric  oxide,  h 
•olution  of  blue  vitriol  is  precipitated  by  caustic  potjisU  of  13^  B,  lb* 
precipitato  wiishod,  then  again  trcateil  nitli  caustic  pota«h  uf  15^  18'  B, 
and  lasttr  well  washed.  The  potash -solution  must  contain  a  little  a*- 
Iwntc  acid — in  tho  BUtc,  in  ehort.  in  which  it  is  obtained  bv  glakiof  iO 
parts  of  lime  in  an  nqueons  solution  of  SO  par(«  of  pearl-a»D;  olheririM 
the  colour  will  be  siioilcd.  (Gentle.) 

Frout.  -  ^_ 

CnO 40      ....      ei-Ct       „       »     .       J^H 

HO   „ _.        9      ....      18-37       .....        M      t  ^^H 

CO'   I.,      i^^l 

CuO,HO   49       ...    lOOOO       -      ,      100  ^^M 

%  According  to  Freiuy  {N.  Ann.  Chim.  Phys.  23,  161),  hydntod 
oupric  oxide  obtained  by  precipitating  a  solution  of  blue  vitriol  !a  lie 
cold  with  a  large  excess  of  potatth,  and  thun  drying  in  vacuo,  eonlwi 
CuO  +  2HO.  li 

('.  With  Acids,  forming  the  Salts  of  CtPHic  OxiDR,  or  ClTRiO 
Salts. — Pt-otinalU  of  Copper. — Cuprio  oxide  has  a  stronger  affinitjr 
for  ncids  than  cuprous  oxide,  dissolving'  in  them  easily,  and  willi  trfr- 
Inlion  of  heat,  even  aflcr  ignition;  the  hydrate  and  carbonate  dicscln 
with  elil)  greater  facility.  The  lost. mentioned  coniponnds  likevln 
dissolve  in  ainnioniacal  Edits,  and  liberate  the  amnionin  on  boiling.  Tt< 
anhydrous  cupric  enlts  are  mostly  white,  the  hydrated  tolls  have  a  biw 
or  green  colour.  They  are  for  the  most  part  soluble  in  water,  and  ll« 
solutions  have  a  metallic  taste,  and  redden  litmus.  At  a  red  heat,  tlwj 
give  off  their  acid,  provided  the  acid  is  volatile;  the  sulphate,  huwefur, 
rcquirca  a  strong  heat  to  decompose  it.  With  carliunnlc  of  soda  to 
charcoal  in  the  inner  blowpipe-dame,  they  yield  melallir  copper.  Will 
borax  and  microcosmic  stll,  they  behave  fiko  cupric  oxide.  M'hen  fond 
on  the  platinum  wire  with  microcosmic  salt  or  common  salt,  they  inpHl 
a  blue  colour  to  the  blowpipe- flame. 

Copper  is  preeipitaled  in  the  metallic  rtate  from  solutions  of  coprio 
salts:  J.  By  Photphonit.     In  this  manner  it  may  be  precipitated  fnW 
the  sulphate.    (Uocck,  Bits,  dt  reduetiime ■mrlalttn-tan .     Tulirecn,  !?<>*. 
OrotthnsH.)     In  a  close  vesical,  tlie  solution  becomes  deeoh'ii.  iii  i- ■  ^^ 
da^s,  no  longer  contniniug  copper,  but  only  sulphnric  ind  |  hi- 
ncid,  and  the  phosphorns  ia  found  to  be  covered  wilh  n  shiiiinp  ri'atiL_ 
copper;  alter  some  months,  a  black  deposit  of  phosphide  of  copper 
found  between    thia   fi\m  onA  fti«  xetnunTO^  \ilioEi)hort)s.    (A.  Vog«K 
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J.  pf,  Chem,  8,  ]00,) — To  re<Iuoe  copper  in  any  oonaiderabie  quantity 
from  the  nitrate  by  pliospliorua,  the  Golutioii  used  inuiit  be  dilate;  in  a 
(!onccQtnit«d  solution,  a  blnck  onist  ia  formed  on  tUe  phoaphorua  with  but 
^little  nietaJlio  copper;  and  if  tlie  air  has  access  to  the  liquid  for  some 
I  time,  the  whole  deposit  vanishes,  with  formation  of  bluish-white  Sahee  of 
lOnpric  phosphate.  (IBoeok.)  In  close  rcHsels,  tho  action  of  phosphorus  on 
'mpric  nitrate  is  the  same  as  on  the  sulphate,  very  bright  metallic  copper 
'wng  deposited,  and  so  large  a  quantity  of  phoaiihide  that  the  remaining 
iioEphorua  is  blackened  by  it  ihroughoal  its  whole  eubstanco;  after 
landing  fur  Rome  time,  the  copper  becomes  less  bright,  inasmuch  as  the 
Utrio  acid  set  free  in  the  liquid  acts  upon  it  and  evolves  nitric  oxide. 
..  Vogel.)  A  dilute  solution  of  cupiio  acetate  kept  in  contact  with 
oBphorUiS  in  a  closed  vessel,  becomes  paler,  deposits  greenish- white 
kes  nf  cupric  phosphate,  and  covers  tho  phosphorus,  first  with  a  black 
0lA  then  with  a  copper- col  cured  deposit.  (A.  Vogel.)  —  Phosphorus 
■nnersed  in  a  solution  of  protoohluride  of  copper  becomeii  covered  with  a 
^ItUck  deposit,  a  large  quantity  of  white  and  reddish-white  dichloride  of 
"ipper  being  likewise  precipitated.  (Boeck.) — In  a  dilute  solution  of 
rotochloride  of  copper,  phospliorus  becomes  covered  with  metallic  copper; 
nit  in  a  concentrated  solution,  it  fir^t  produces  an  abundant  precipitation 
Af  white  dichloride  of  copper,  and  then  becomes  blackened  throughout  its 
nbetanoe  by  phosphide  of  copper.  The  liquid  thereby  acquires  at  first  a 
dark  and  afterwards  a  pale  yellow  colour,  and  contains  dichloride  of 
topper  dissolved  in  hydrochloric  acid;  when  concentrated  by  boiling,  it 
deposits  this  compound  and  gives  off  hydrochloric  acid;  and  on  further 
eoncentration,  it  evolves  phosphurettcd  hydrogen  gue,  and  yields  a  klaok 
[precipitate  of  phosphide  of  copper.  (A.  Vogel.)  Hence  it  appears  to 
lontoin  phosphorous  acid. 
^^  3.  By  ll;ipnphotphoi-ou»  acid. — A  solution  of  blue  vitriol  gently 
bsated  with  this  acid,  gives  off  hydrogen  gas  and  Jeposite  copper. 

3.  By  Zltic,  Cadmium,  Tin,  lead,  /ran,  Cobalt,  A'idtl,  and  BUmiiih. 
■-Nitrate  of  cupric  oside  is  most  quickly  decomposed  by  nine;  then 
Wlows  lead,  then  tin,  and  then  cadmium.  (Fischer,  Posff.  8,  iS2.}—Zine 
'mws  down  from  cupric  salts,  even  when  they  contain  a  large  excess  of 
lid,  first  black  copper  containing  zinc,  and  afterwards  pure  eop|ier  having 
■  diUacteristic  red  colour;  because  the  prucipitale,  as  it  increases,  falls 
ff  ^wu  the  zia<;  and  forms  a  galvanic  circuit  for  itself,  in  consequence  of 
ifaioh  the  line  whtcli  it  contains  is  dissolved.  (WetElar,  Scfuo.  50,  98.) — 
Jhom  proto chloride  of  copper,  sine  precipitates  metallic  copper  and  liko- 
siw  tne  dichloride.  (Fischer.) — Cupric  nitrate  dissolved  in  aloohol  is 
e  reduced  by  zinc.  (Pisober.  Gilt.  72,  289.) — Zinc  immersed  in  a 
nlution  of  1  pt.  blue  vitriol  in  3  yU.  water  at  W,  throws  off  a  large 

Kuantity  of  hydrogen  gas,  and  precipitates  cupric  oxide  as  well  as  copper. 
Leykauf,  ./.  pi:  Cliem.  19,  124.) — Cadmium  throws  down  from  the 
utrate,  black  copper  containing  cadraiutn,  and  from  the  chloride,  a  mixture 
nf  copper  and  the  dichloride.  (Fischer.) — Tin  throws  down  copper  from 
the  sulphate,  ohioride,  and  nitrate,  but  Dot  from  the  neutral  acetate. 
^Tben  a  solution  of  blue  vitriol  nut  containing  any  free  acid,  is  enclosed 
B  %  bottle  together  with  tin-foil,  it  charges  after  a  while  into  a  colourless 
Mlution  of  stannous  sulphate,  which  is  not  rendered  permanently  turbid 
^^  jr  tho  addition  of  small  quantities  of  potnsh,  and  therefore  appears  to 
Dontoin  free  acid;  and  on  the  surface  of  the  tin  there  is  deposited  an  alloy 
if  tin  and  copper,  partly  black  and  partly  brass-yellow,  a  few  lamina  of 
i luDstanco  bejng  likewi^  attached  to  iha  «ld«^  ol  "Owa  -^vtuSu 


(W«UUr,  Sehw.  50,  00.)  When  Ub  is  iuuuccaed  to  »  volution  of  capk 
nitrotf,  atannic  oxitlo  is  precipitutuj  to^Uiur  wiUi  tlie  tin.  (Fidcfapi.)— 
Lead  precipitates  cupper  Iroiu  ibo  cliloride  or  Ditrate  but  not  from  Uie 
aulpbiile.  (Wet«l»r.)  Accordine  to  Fischer,  however,  n  elight  prc^H* 
t&tioD  takes  ylaoe  even  in  tho  suTphnto.  Copper  reduced  l>j  lead  esdubiM 
tbo  meUUlic  lustro.  (Fiscbor.) — Iron  ba«  no  iiutiou  on  a  soluLiou  of  cupnc 
uitnite  miulo  u  nearly  aeulral  aa  pwisible,  or,  at  tbe  utmost,  a  very  sli^ 
iiotion  after  long  exposure  to  the  air;  addulateJ  copper  solutions  an 
lupiUly  precipitated  by  itou.  (Fiscber,  Poff^.  8,  492.)  If  tbo  eolntioB  of 
Guprio  uitnte  be  mixed  with  tbo  smiillost  quantity  of  silrGr-oitratc,  th* 
iroD  is  thereby  renderod  passive  (L  358-361),  and  docs  not  precipiUls 
the  GmiLllest  (lunotity  of  copper.  (Wetxlar,  Figeher,  i'oyj^.  10,  UOl.) 
From  a  eolutiou  of  blue  vitriol,  iron  precipitetes  tbe  copper  rupidly,  fint 
iu  tbe  forpi  of  a  depouit  having  the  characteristic  red  colour  of  coppw, 
and  aflerwardii  iis  a  dark  brown,  pulverulent  miituro  of  copper  stad  Muie 
•ulpbate  of  ferric  oiide.  (Fisober.)  Copper  precipitated  from  a  ueutal 
■olutiun  of  tbo  sulphate  is  black  from  admixture  of  iron,  but  turns  rad 
and  gives  off  hydrogen  when  immersed  in  dilute  sulphuric  acid.  The 
precipitated  copper  may  be  mixed  with  iron,  even  when  tbe  solutiwi 
contains  free  acid.  (Wetilar.)     From  protochloride  of  copper,  iron  prow- 

Eitates  tbe  dicblorido  as  well  as  metallio  copper.  (Fischer.)  Copper  a 
Icowise  reduced  by  iron  from  the  alcoholic  solution  of  tbe  protochloride. 
A  eolntioD  of  blue  vitriol  containing  1  part  of  copper  in  2j,O0U  reddvu 
iron  after  the  lajise  of  two  hours;  when  the  quantity  of  liquid  equaU  ft«m 
500,000  to  1,000,000  parl^  to  1  part  of  cupper,  scarcely  any  visible  eStii 
is  produced.  (Laa^igoe,  J.  Ckim.  Med,  S,  5tlO.)  Tbe  limit  at  which  tba 
iron  ceases  to  be  reddened,  shows  itself  in  a  solution  containing  1  pLuf 
copper  in  1^6,000,  tho  liquid  being  acidulated  with  a  drop  of  nitric  acid. 
(Hurting,  J.  pr.  C/iem.  22,  SI.)  Iron  does  not  precipitate  an  alcoholic 
solution  of  cupric  nitrate,  even  on  the  addition  of  nitric  acid;  neither  is  an 
a()ueous  solution  of  tartrate  of  cuprio  oxide  and  potash  precipitated  by 
iron,  f  WelBkr.) — A'kiel  producer  no  preoipitate  in  a  copper-salt  alroady 
formed;  but  when  an  alloy  of  nickel  and  copper  is  acted  upon  bj  a 
quantity  of  nitric  acid  not  sufficient  to  dissolve  it  uU,  the  undiaHolVed 

Eirtion  is  found  to  be  coated  with  copper.  (Fischer,  Pogg.  12,  SOI.) 
ismuth  precipLtatefl  cuprio  nitrate  only  at  a  boiling  heat,  and  even  than 
but  imperfectly;  from  the  protochloride,  it  throws  down  dicbloride  of 
copper  mixad  with  oiychlorido  of  hiemuth.  (Fischer.) — Copper*sult«  an 
not  reduced  by  bra^s  or  by  tbe  alloys  of  silver  with  lino,  tin,  and  lead. 
(Fischer,  Pog<}.  12,  504.) 

4.  By  Organic  Compoundt. — Sugar  boiled  with  a  solution  of  biw 
vitriol  throws  down  metallic  copper.  (A.  Vogel.) — fToorf  produces  tha 
same  effect  after  long  contact.  (Clement,  fiiHchof,  i^.  p.  400.'; — Tlia 
aqueous  solution  of  cuprio  oxide  in  cream  of  tartar,  when  ililuted  with  a 
largo  (quantity  of  water  and  gently  heated,  deposits  copper  in  tbe  fonn  nl 
a  soft  red  powder.  From  a  cupper  solution  kept  for  some  days  iu  a 
glazed  pot  which  had  been  used  for  cooking,  a  net  of  copper  was  depo- 
sited, corresponding  in  form  to  the  cracks  in  the  glaiing.  (TaiUcfoi',  Ann. 
CAim.  I'hyt.  31,  100.) 

Sulphurous  acid,  even  with  tbe  aid  of  beat,  does  not  exert  any  reducing 
BOtion  on  the  solutions  of  cuprio  oxide  in  the  stronger  acids;  but  alkalina 
Bulph](«s  colour  them  green  by  formation  of  cupric  sulphite,  which  is  then 
resolved,  slowly  at  ordinary  torn  pcnilutes,  but  immediately  on  boiling, 
into  eolubh  cupric  snlpbato  &u<i  ^toi^v^vt&tQd  cuprous  sulphite.    If  ifae 


s:, 
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dfaftllne  Bniplule  ia  in  excess,  nearly  all  tho  copper  U  precipitated. 
Berthier,  N.  Ann.  Chim.  Phys.  7,  80,)  Sulphite  of  ftmmonla  forma  a 
lolky  ligLt  brown  procipiUte  with  cup ric  salta.  (H.  Rose.)  A  eotution 
of  cupric  snlphate  beatod  with  sulphurous  acid,  and  likewise  a  solution  of 
CUpric  phosphate  or  arseniato  in  aulpliuroos  &cld  forms  with  a  small 
((a&ntity  of  potash  a  jellow  precipitate  [of  eulpbito  of  cuprous  oxidt  and 
-  itaeh  [].  (A.  Vogel,  J,  pr.  Ciiem.  30,  33.)  If  the  cuprio  oside  ia  united 
'itli  one  of  tUo  weaker  acids,  as  with  acetic  or  formic  acid,  a  precipitate 
Oi^roDs  oxide  [sulpliate]  ie  formed  ou  boating  tho  liijuid.  (A.  Vogel.) — 
AQDeous  protocblorioe  of  tin  throws  down  from  cupric  ealts  a  white 

Sgtallino  powder  consisting  of  dicbloride  of  copper. — Sugar  likowiao 
noes  cuprous  oxide  from  many  cupric  salts.  ESugar  boiled  with  an 
uueous  solution  of  cupric  acotato  precipitates  dioxide  of  copper,  and 
Viien  builod  with  tbe  protoobioride,  it  throw  down  the  iliobloridu. 
(A.  Vogel.) 

PboBphuret(«d  hydrogen  goa  passed  tbrough  a  solution  of  blue  vitriol, 
dowly  throws  down  triphoaphide  of  copper. — Hydroanlphuric  acid  and 
alkaline  hydrosulphates  throw  down  from  cupric  salts  a  precipitate  of 
irotoaulphide  of  copper,  insoluble  in  excess  of  tbo  reagent.  If  tbe  solu- 
ioD  is  Tery  dilute,  merely  a  brownish  colouring  is  produced,  and  this 
effect  is  yiaiblo  even  when  the  proportion  of  cupric  oxide  is  only  1  pt.  in 
100,000  of  tbo  liquid  (Pfaff),  or  1  pt.  metallic  copper  in  200,000  pta.  of 
(bo  liquid-  (Lossaigne.)  A  solution  of  1  pt.  crystallized  cupric  acetate  in 
10,000  water  and  2,500  hydrochloric  acid  still  shows  a  distinct  colouring 
wilb  aulphurettod  bydrogeuj  with  1  pt.  coiiiiu  oxide  in  15,000  water  and 
7)200  hydrochloric  acid,  a  slight  colour:  hut  with  1  pt.  cuprio  oxide  in 
4A,000  n'ater  and  20,000  bydroclUoric  acid,  tbe  ofiect  is  no  longer  visible. 
{Keinwb)  J.  pr.  C/tem.  13,  133,)  Paper  soaked  in  a  solution  of  copper 
Hid  then  perfectly  dried,  does  not  blacken  in  dry  sulpburetted  hydrogen 
gu,  and  absolute  alcohol  which  bos  absorbed  6  volumes  of  sulphuretted 
i^ydrogen,  lias  no  action  on  anhydrous  copper  salts.  (Pameli,  J.  pr.  Chem, 
SB,  100.)— Tho  bydrated  sulphides  of  manganese,  cobalt,  and  nickel 
throw  down  sulphide  of  copper  from  a  solution  of  tbe  sulphate.  (Anthon.) 
A  copper  solution  boiled  with  an  alkaline  hyposulphite  deposits  black 
•ulpbide  of  copper,  with  formation  of  sulphuric  acjd.  (II.  Rose,  Pof/t/. 
83,  211.)     Prolwbly  lu  this  manner: 

CuO,  SO*  ♦  KO,  SSQ'  =  CnS  +  KO,  2S0>. 

A  solution  of  blue  vitriol  is  immediately  decolorized  by  liyposulpbito  of 
Bcida,  and  thon,  on  tbo  addition  of  hydrochloric  acid,  depusits  all  tbe 
copper  in  the  fonu  of  rust-brown  aulpbido,  probably  CuS';  the  precipitate 
turns  black  if  kept  for  some  time  under  the  liquid,  and  shows  no  tendency 
to  oxidato  by  exposure  to  tbo  air.  (Himly,  Ann.  I'harm.  43,  151.) — 
Iodide  of  [ratassium  added  to  a  cupric  salt  throws  down  white  diniodide  of 
coppiu",  the  lic^uid  turning  brown  from  separation  of  iodine:  tho  precipitate 
4iflselvcs  in  excess  of  iodide  of  potassium. 

Potash  or  soda  added  to  a  cupric  salt,  in  quantity  not  sufBoicnt  to 
tiecompose  it  completely,  throws  down  at  first  a  blue  precipitate  of 
Itydratoil  cuprio  oxide,  which,  however,  on  agitation,  takes  up  a  portion 
Di  the  undecumposed  salt,  and  forma  with  it  a  green  basic  salt.  An 
«xoese  of  tbe  alk&U  throws  down  the  bvdratod  oxide  in  bulky  blue 
flakes,  wbiob,  on  boiling  tho  mixture,  collect  together  in  the  form  of  a. 
black  powder,  eonaistiDg  of  tho  anhydrous  oxide.  If  According  to 
V&Utot  {Arm.  rharm.  5l>,  34),  strong  caastio  {totaab  diawilvfta  a.  wia%.\\s!.t- 


fnmM  vait.  fLmi,  A  nm.  C 
■b4k  Onws  iiw»>~«itk  tn 
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m  ^itit^  WwM^  a^  via  cmhImiI  ■gitttion,  to  I 
i(«MfncMii.fMtlic«««  4»«&»sfMa  Ittsic  nil,  &a<I  afiorwarf 
hkt  kv4m»;  ^  cans  «r  ■■»«»  JmmItcs  tbe  pnc9pit«t«,  fonnl 
llw  iilaliiM.  A  owv  ■dvliw  fihud  w>  &r  as  to  be  c  ~ 
^1  ■!  I'l -|  I'j  Uk  M  tke  aUiDM  of  uHDOBu.  : 
«ilMr  4^  f  hwJ  it  MiQ  naU«  m  a  MlitHia  of  1  pt.  capric  a 
MM  |Mta  if  mM  s^«a>v(Pfiiff);  vitfcl  pot  of  mnieriii  11,7501 
if  B|n4  (Bsiti^;  witk  1  fmrt  «r  easier  in  100,000  parte  of  ' 
,  y.  Fl^rwL.  ICy  5lf ;  I  Triii  iir  1  Tli«  discrepancy  of  i 
^^  pafcifi  MMB  feWB  Uw  ffifiRMt  quantities  of  liqald  useJ:  ' 
r  Uw  ■■■  if  fi^nd,  tka  More  ratdil;  will  the  bluo  colour  be 
"  I  to  ■  whbiw  cm*tiiaae  a  mpric  and  a  ferrous  nl( 
I,  ikiOTS  down  a  mixture  of  raprio  and  fcRou 
I  IB  cxeew  yields  a  pimpitate  of  ferric  hyiinl* 
4  s  edowkv  aolalioa  af  capva*  oxide  JnamiBoata;  a stnaller  (jouitily 
t  tloAV*  Am  a  puple-red  mixtoie  of  ferric'  bydraK  aad 
■  "  i,Anm.Ckim.  PAju-  85,  320.)— Carbonate  of  potufc 
—with  erolaljaB  of  arbosic  acid — a  greeni^r^M 
I  «f  cayne  fai^oaate,  a  nnall  i]aanti^  of  wbieh  dissolTes  it 
■  of  Ac  >H~Hm  (utnaato,  faming  a  blnudi  solution.  On  boiliaf 
lite  adxtnv,  tW  pndpitat*  >•  cMirerted  into  black  oxide  of  copper,  iha 
;«  bene  man  nnapkte  as  tbe  excess  of  the  alkaline-carbon  Ale  it 
n-;  if  m  eapper-«a)t  is  in  e«w,  the  precipitate  remnios  preen,  tati 
I  of  a  bane  alt  not  WBtaitiiDg  carbonic  acid. — Carbonate  (f 
«iMwii  piodiiwa  the  ame  preeipilate,  bat,  when  added  in  excess,  do- 
aoltcs  it  aMmdaBtlj',  (inuiug  a  deep  bine  ralution. — The  carbonate*  of 
baryta,  strvntia,  and  lime,  and  likewise  carbonate  of  tnagncaia,  do  not 
pceapitale  capric  salts  in  the  cold,  but  completely  nl  60°.  (Demai^f, 
Jam.  Pkarm.  II,  t(0.) — Pfaoepbate  of  noda  throws  down  green ish- white 
ikate,  and  rhromate  of  i<otaeh  produces  a  red-brown  predpi- 
if  nipnc  duomato. 
Oxalic  acid  throws  down  front  capric  salts  a  pntremlcat  blnii^h'gnen- 
while  precipitate  of  capric  oxalate;  and  monoxalate  of  potash  in  ciccm 
precipitates  bloe  oxalate  of  capric  oxide  and  potash.  Even  dilute  H>ln- 
tioQB  containing  excess  of  acid,  are  precipitated  by  oxalic  acid.  (^VILekeD- 
roder.) — Cyanide  of  potassium  precipitates  yellowisL-jreeo  protocvanid* 
of  copper,  which,  on  beating  the  liquid,  first  turns  rellow  and  thca'white, 
and  dissolves  in  excess  of  the  cyanide  uf  potassium. — Ferrocyanido  of 
potassiam  yields,  with  concentrated  cupnc  Eolntions,  a  dark  hrown-rcJ 
magma,  and  with  dilnle  solutions,  a  deep  pnrple  precipitate)  to  vcit 
dilute  solutions,  it  imparts  a  reddish  colour.  The  r»Idish  colour  is  still 
visible  in  a  solution  of  I  part  of  cuprio  oxide  in  78,000  parts  of  liiguid 
(Harting);  witb  1  pt.  cupric  oxide  in  200,000  of  liquid  (Pfaff):  with 
1  pt.  copper  in  400.000  liquid  (Lassaigne);  with  1  pt.  copper  in 
1,000,000  parts  of  liquid  (Swrean). — Ferricyanide  of  potassium  forms, 
with  cupric  salts,  a  thick  brownish-yellow  precipitate,  as  little  soloMe  in 
hydrochloric  acid  ns  the  preceding. — Xnnthonate  of  potash  added  U 
cupric  salts,  throws  down  yellow  Bakes. — Tincture  of  galls  does  not  pre- 
cipiiate  the  solutions  of  cupric  oxide  in  the  stronger  mineral  acids,  except 
on  the  addition  of  acetate  of  potash ;  in  that  ease,  and  likewise  from  t 
solution  of  cupric  aootale,  it  throws  down  a  red-brown  nia^ma. —  ~ 
ceotntted  copper  eolutiona  immediately  impart  to  tincture  of  gtiUK 
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Uae  colour,  which  aoon  turns  green;  dilute  solutions  produce  tlie 
tffect  on  the  addition  of  hydrocyanic  ikcid.     Tincture  of  gaiiLcnm  U 
pared  hy  steeping   1  part  of  guiacuni-wood  iu   4  parts  of  water;  llii 
fVBction  18  still  visible  in  n  aolntion  containing  I  part  of  copper^salt  iu 
450,000  parta  of  water.  {Pai^easteclier,  If.  Tr.  3,  1,  404,) 

Cnprio  Baits,  which  are  tnaolnble    in  water,  dissolve    in  sulphuric, 
nKdrochloi-ic,  or  nitric  acid,  or  at  all  events,  give  np  their  cuprlc  oxide  to 
M  acid. 
^^   B.  With  Alkalis.— rf.  Soluble  in  oils,  sugar,  &c. 

C.  Peroxide  of  Copper  ? 

1.  Formed  by  agitating  the  hydrated  protoxide  with  a  large  excess  of 
ly  dilute  peroxide  of  hydrogea  at  a  temperature  of  0°. — '2.  By  mixing 
ntrate  of  cupric  oxide  witli  excess  of  a'queous  peroxide  of  Lydrogen,  ana 
cipitating  the  copper  at  0°,  by  caustic  potash  added  in  moderate 
leM, — The  resulting  peroxide  of  copper  is  washed  with  cold  water, 
sseil  between  bibulous  paper,  and  dried  in  vncuo, — Yellowish-brown 
pitvder  (or  olive^green,  if  contaminated  with  liydrated  cupric  oxide), 
InateUss,  and  withont  action  on  vegetable  colours.  Contains  nearly  twice 
I  niuch  oxygen  as  the  protoxide.  At  a  temperature  short  of  100*,  it 
JRVM  off  oxygen,  and  is  converted  into  protoxide;  in  the  moist  state,  it 
^ooraposefi  in  the  course  of  12  hours,  even  at  ordinary  tcmperatnres. 
jPw  deoumposition  is  greatly  accelerated  by  the  presence  of  strong  cunstio 
ta»h,— Insoluble  in  water.     With  acids,  it  forma  ordinary  cupric  salts 

d  peroxido  of  hydrogen.  (Thcnard.)     It  is  perhaps  not  a  higher  oxide 

ipf  copper,  aa  Thenard  supposes,  bat  nuther  a  compound  of  cupric  oxide 
^tth  peroxide  of  hydrogen. 

^  D.  Cupric  AcidJ 

Not  known  in  the  separate  state.     Some   of  its   salts   have   been 

ibttuned  in  the  state  of  solution,  by  passing  chlorine  gas  into  potash-  or 

K>dar-ley,  in  which  hydrated  cupric  oxide  is  diffused  ;  but  they  cannot  be 

Atametl  iu  the  solid  state,  inasmuch  as  they  are  decomposed  with  violent 

ITOIution  uf  oxygen  soon  after  their  formation.     Cuprate  of  Hme  has 

iewever  been  obtoined  in  the  form  of  a  beautiful  rose-oolonred  substance, 

r  mixing  chloride  of  time  with  a  solution  of  nitrate  of  cnnric  oxide ;  it 

toiaposed  but  slowly.  (Kriiger,  Pogg.  72,  445.)     According  to  Crum 

"harm.  55,  213);  '     '  -      -   . 

is  a  sesquioxide 
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Copper  and  Htdrooen. 

Sj/dride  of  Copper? — A  solution  of  blue  vitriol  and  hypopbospliorons 
_)id,  heated  not  above  70",  deposits  a  yeilow  precipitate,  which  soon 
^ma  red-brown.  It  'contains  !)8-78  pts.  copper  to  122  hydrogen 
/=:Cu'H},  gives  oir  hydrogen  when  heated,  takes  fire  in  chlorine  gas, 
And  when  treated  with  hydrochloric  acid,  ia  converted  into  diohlorido  of 
copper,  with  evululion  of  a  double  quantity  of  hydrogen  gaa.  (Wurt«, 
Compl.  rmd.  18,  702.) 
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Corptn  xso  Cxkbos. 

A.  CAltBtDR  T>y  CoppBB, — Often  pradnceil  m  the  tongfaeniDi  rf 
cnppor,  whpn  tlie  moUU  is  fused,  ac«ording  to  tho  BngUeli  metboJ.  nnilft 
*  lajfcr  of  rharcoal  nowder:  OverpoUd  Cofprr  (Vivian,  Ann.  POL 
SI.  )81). — Obtatnpil  uso  by  arrnnginf^  copper  iilate  in  alternate  lanti 
with  lanijvblack,  lioaling  to  reduc^a  for  sorem  hours,  and  then  nisag 
tho  tcmpemturo  to  the  mpltiiig  point  of  copper.  In  thia  process  tlu 
copper  takes  np  at  most  0'2  per  cent,  of  carbon.  (Karsten,  Schw.  6G,  30S.) 
— Copper  containing  carbon  lias  a  polo  yellowish-Twl  colonr  and  sttoog 
metallic  luatre,  and  the  surface  of  iho  mass  solidiSed  after  fuaioD  extubiU 
a  striated  texture.  After  fnsiou,  it  has  a  strongly  lustrous,  j-ellowiah-wd, 
coarsely  fibrous,  and  indented  fracture,  and  after  bammenTig,  a  yelloviafa- 
red  sinewy  fraclnre.  It  le  dnetile  at  ordinary  temperatures,  but  at  a  Iwr 
red  heat,  it  hrpaks  under  the  hammer;  cren  0-Q5  per  cent.  «r  tuhea 
malice  it  slaty  at  a  red  heat.  Wb^n  fused  in  the  air,  and  especially  if 
■tirred,  it  readily  gives  np  its  carbon.  (Karsten.) 

Tti*  onng«-}alk)w  vrecipiUlc  which  it  produced  lijr  adding  cuboniite  of  aodita* 
tolntion  cf  dicUorldc  uf  co|ipBt  in  hjdrochlorin  aad,  uid  ugumn  a  brick- red  rolou 
when  vuhed  with  cold  wtter,  it  merely  hrdrmted  cuprous  otidt'i  free  bom  ctibMiii: 
acid.  (GdicUd.) 

B.  Cabbosate  of  Ccpbic  Oxibe,  or  Ccpbic  Carbonate. — a.  Diear- 
bonafe. — The  anhydrous  salt  occara,  according  to  Thomson  (Otitliutti^ 
Mineralogy,  1,  601),  in  the  form  of  if ytorine,  whidi  contains  60-75  cnpiw 
oxide,  16-70  carbonic  acid,  195l>  ferric  oxide,  and  210  ailtca.  It  doe* 
not  appear,  hovever,  that  thia  compoand  can  be  formed  artiGcially.  It 
is  staU-d,  indeed,  by  Colin  &  Tailltfert  {Ann.  Ckim.  Phys.  12,  62),  that 
the  hydrated  compound,  when  heated  by  itself  or  boiled  with  water,  i» 
converted  into  a  brown  powder,  which  is  the  anhydrous  carbonate.  Bnl 
according  to  Gay-Lnssac  {Ann.  Chim.  Phy».  37,  335),  when  the  sail  if 
boiled  with  water  for  several  hoars,  the  whole  of  tie  carbonic  acii  ii 

fiven  off,  and  the  residual  black  powder  is  pure  cupric  oxide;  it  becomu 
lack  even  when  boiled  for  a  short  time  only;  but  it  thcu  contaiiu 
carbonic  acid. 

BydraUd  Dicarbonatt. — FounJ  in  the  form  of  Malachite. — ProiioceJ 
when  copper  ia  exposed  to  the  Joint  action  of  air  and  water;  Copper-nul, 
or  the  so-called  Verdigris; — when  moist  cupric  hydrate  is  exposed  to  tha 
air,  and  more  quickly  when  carbonic  acid  is  passed  through  wat«r  In 
which  the  hydrate  is  diffused ;  the  volume  of  the  hydrate  is  diminislied 
by  oonverwon  into  carbonate.  On  precipitating  a  cupric  salt  with  c«f- 
bonate  of  potash  or  soda,  carbonic  acid  is  at  first  evolved,  and  a  greenidi- 
blue  precipitate  formed;  this,  boweyer,  is  gradually  converted  during 
washing,  or  immediately  on  boiling,  into  the  green  dicarbonate,  the 
change  being  produced  either  by  loss  of  carbonic  acid,  or  (according  la 
Colin  &  Taillefert)  merely  by  lose  of  water. — The  product  is  a  green 
powder  of  the  colour  of  verdigris.  It  acquires  a  brighter  green  ciilonr  by 
washing  with  hot  water:  Mineral  green. — The  salt  when  strongly bealM 
by  itself,  or  when  boiled  for  a  short  time  with  caustic  potash,  leaves  a 
hlocfc  residue  of  anhydrous  oxide;  it  is  insoluble  in  water,  but  dissolves 
in  aranionincal  salts,  forming  a  blue  solution. 

Malachite  forms  crystals  belon^ng  to   the  oblique  prismatic  e 
/'^,  81  and  84;  M  -.  u=:l03°  41'-,  i  ■.m=\\&=  \V\  cleavage 
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2.  AJso  whnn  tlie  triphngpUiile  ia  deprived  of  liaU  iu  pliu«ptu>ras  iij  {ixmq 
li;iIrogengafl  over  il  &t  theetroDg&it  heut  thftt  tLeglasscan  benr.  BUm 
powder,  or,  after  Gtronj>  ignition,  ligLt  grcj  luaea  hariag  tho  inetallit 
lustre.  On  charcoal  before  the  blowpipe  il  emit«  a  pboephoruG-Suie. 
DissolTeB  easily  and  completely  in  nitric  acid  or  a<]ua-regi&,  with  FonnatiDB 
of  phosphoric   acid.     Insoluble   in   hydrochloric  acid.  (H.   Boec,   Po^- 


)9;  24,  228.) 


B.  RtM. 


100-00     „    100-00 


h.  Triphotphide. — 1.  By  paaeing  phoaphuretted  hydrogen  gas  over 
heated  protochloride  of  copper.  (H.  Rose,  Poffg.  24,  328.)  2,  By  passng 
phMphuratted  hydrogen  through  a.  solntion  of  blue  vitriol: 

3CuO  +  PH'=  Cu'PtSHO. 

Either  variety  of  phosphnrelted  hydrogen  may  be  used.  Tho  pn?ci]>i> 
tatiun  begins,  after  three  quarters  of  nn  Iiour,  wilh  a  black  turbiJiiy 
which  soon  inereosea;  a  certain  qnantity  of  phosphoric  acid  ia  alwan 
formed  at  the  same  time.  If  the  blnck,  Qocculent  precipitate,  after  beinf 
drieil  in  vacuo  over  oil  of  vittiol,  be  gently  heated,  it  gives  off  a  anuU 
quantity  of  moisture,  and  assumes  the  red  colonr  of  copper.  (H.  RixCv 
Poffff.  14,  188;  24,  321.)  The  black  flakes,  when  waehed  with  bMlin; 
water  out  of  contact  of  air,  remain  for  the  most  part  unaltered  :  hot  if 
the  air  has  accese  to  them,  the  phofphorua  becomes  oxidiied  and  meUflk 
copper  [or  red  phosphide  5]  sepiimtcs  out.  (Buff,  Poffff.  22,  353.) 

Prepared  by  (1)  :  black  powder,  which,  when  atrougly  igsiteil  dbI  of 
contact  of  air,  is  converted  into  a  grey iah-b lack,  meuTlie-lookiDg  ntm, 
but  doc«  not  assume  the  red  colour  nf  copper  at  any  temperatnn. 
{H.  Rose.)  By  (2)  :  black  flakes,  which— after  gentle  heating  in  vaow 
— assume  a  opper-rcd  colour,  like  that  of  metallic  copper  precipitated 
by  zinc.  (H.  Rose.)  It  does  not  fuse  oven  at  the  melting  poiot  of  glw^ 
bat  is  more  fusible  than  copper.   (Lnndgrobe.) 

Phosphide  of  copper  prepared  by  (1)  exhibits  a  phosphorus. Goaw 
on  charcoal  before  the  blowpipe  ;  (2)  does  not.  (1)  gives  off  half  its 
plioaphorns  when  very  strongly  ignited  in  a  current  of  hydrogen  aw- 
(H.  Bosu,  Poffff.  4,  110.)  Both  varieties  diBsoIre  readily  in  nitric  acid, 
with  formation  of  phosphoric  acid,  especially  that  obtained  by  (3)  onl 
not  previoasly  heated.  Hot  oil  of  vitriol  dissolves  (2)  with  ovolntioa  of 
enlpburDU^  acid  gaa.  In  hydrocLloric  acid  in  an  open  vessel  (2)  diseelm 
more  readily  than  pnro  copper.  (H.  Rose.)  The  phosphide  prepared  It 
(2)  and  not  heated,  dissolves  completely  iu  strong  hydrochlonc  acid,  wiu 
evolution  of  non -spontaneously  inflanimablo  phospbnretted  hydrogcti; 
(Buff.)  The  preparation  (2),  when  it  bos  not  hecn  heated,  is  penDaneal 
in  dry  air,  but  whei]  exposed  to  a  moist  atmosphere,  is  converted  iaU 
phosphate  of  cupric  oiide.  Before  the  blowpipe,  it  burns  to  a  black  bead 
of  cupric  phosphate,  which  on  cooling  solidifies  into  a  whit«  enameL 
(Landgrebe,  Sehte.  53,  404.) 

H.R[>Ee(l).  H.  Rose  (2). 

3Cu 96-0     ,,..     7535       75-34       ...       75-76      (o      rflW 

P „       310    ....     24-65 ,.      24-66       ....      2424      „      8(M« 


CiHP   127-*     ....  WO-W 


CUPBIC  PHOSPHITE. 

f  phnsphoriL'  lu 


(-.  DipJtosphidf. — Wlien  hydrogen  g&s  is  patiseil  over  diplio^phate  of 
Cupric  oxido — B»  ubtiiined  by  precipitating  blue  vitriol  witb  diphosphate 
of  boAa — ttt  tlie  strongest  red  heat  thiit  the  glass  tulw  will  sustain,  tho 
copjicr-salt  first  turns  yellow  from  forntntion  of  dioxide,  and  is  Bubse- 
quently  converted — with  formntion  of  water — into  greyish-black  phos- 
pfatde  of  copper,  wlilck  becomes  crystalline  on  cooling.  (H.  Rose,  Pog(f, 
24,  331.) 

H.  Rose. 

2Ca   U-0      ....       67-09        65'0!t 

P    31-4       ...        3291 34-fll 


te     H 

bo      H 


Cu'P, 95-*      ....     10000        100-00 

Phosphide  of  copper,  containing  copper  and  pliosphoras  in  variable 
proportion!!,  may  be  olitfiined  by  the  following  methods  :  1.  When  copper 
filings  are  ignited  with  phosphorua  in  a  retort,  3  parts  of  copper  relaio 
I  pt.  of  phosphoras  [therefore  Cu'P].  (Miu-ggraf.)  The  same  compound 
tony  bo  formeit  by  throwing  pbosphurua  on  red-hot  copper  filings. 
(Pclletier.)— 2.  By  igniting  1  jmrt  of  copper  filings  ondet  charcoal  with 
]  part  of  glacial  phoBphoric  acid  not  free  from  lime,  and  |  of  charcoal 
powder.  (Pelletier,  Ann.  Ckm.  1,  lO'i;  Saye,  t7««.  .dnn.  1782,  1,  33; 
A.  Oe&l.  3,  704.) — 3.  By  igniting  cupric  phosphate  mixed  with  charcoal, 
or  contained  in  a  crocible  lined  with  charcoal. — 4.  By  exposing  a  tnixtnre 
of  S  or  8  pta.  copper,  or  cupric  oxide,  10  bone-oah,  5  pounded  quarts, 
5  boniK,  onil  1  charcoal,  in  a  crucible  lined  with  cliarcoal,  to  the  heat  of  a 
tilast- furnace  for  an  hour,  (flertbier.) 

■•  Tho  fused  pbosphido  of  copper  tliiis  obtained  is  of  a  pale  copper- 
•donr  when  it  contiuus  but  little  phoaphorus,  and  steel-gtey  wbon  it  con- 
teiiu  a  larger  proportion  of  that  subataucc.  The  surfuce  of  the  fused 
Inus  ia  somelimcB  covered  with  four-sided  prisms,  formed  by  the  junction 
bf  oetohedrons.  (Saye.)  It  exhibits  a  laminar  texture.  (Berthier.) 
Sp.  sr.=7-l22.  (Saye.J  It  is  as  hard  a«  steel,  brittle,  and  has  a  fine- 
grained  fracture,  but  la  difficult  to  pulverise.  Fuses  much  more  easily 
tluui  copper.  Many  varieties  of  phosphide  of  copper  retain  their  lustre 
when  exposed  to  tho  air;  others  turn  black,  nud  fall  to  pieces,  being  con- 
verted into  phospliate  of  cupric  oxide.  Phosphide  of  copper  bums  in  the 
tut  with  a  phosphorus  flame,  and  is  coaverted  into  a  bkck  ehig. 

B.  Hvi'opnosPDiTK  OP  Cnpnic  Oxidb,  or  Cupnic  HvropnospHiTE. 
^-The  blue  solution  of  hydra  ted  cupric  oxido  in  cold  bypophoaphoronB 
udd  may  le  kept  unaltered  for  a  long  time,  aud,  if  very  dilute,  may  be 
lieatod  without  decomposition.  On  cvaporalin^r  it,  however,  even  in 
TMUO  at  a  low  temperature,  complete  reduction  of  the  copper  takes  place 
m»  coon  oA  the  liquid  reaches  a  high  degree  of  concoutratiun.  (H.  Kose, 
^egg.12,  2U1.) 

C,  PiiospniTi!  OF  Cupnic  Oxide,  or  Cupric  PnoBPniTB. — By  pre- 
cipitating protochlotide  of  copper  with  phosphate  of  ammonia,  a  beautiful 
Hue  precipitate  is  formed,  which  may  bo  washed  with  water  and  dried 
M  a  gentle  heat  without  decomposing.  When  heated  in  a  retort,  it 
inelda  a  large  quantity  of  water,  afterwardB  gives  off  abundance  of  pu- 
eydrogen  gas,  turns  brown  from  reduction  of  copper,  and  fusea  inti. 
mixtnro  of  metallic  copper  and  cupric  pliospU&U,  ows  ^vii\!\u\v  ^1  •«Ni\v 
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u  It  conUins  exceu  of  arid,  may  be  itisBoUtKl  oot  bj  water,  simI  Uw 

by  liyilrochloric  acid.     The  osyg<'ti    of  the  water,  as  ktII  me  thiU  oti 
oxide  of  rdpper,  coDtribiiteo  to  tbu   funnatioa  of  phospborio  mHi) 
aolutioD  of  copric  pbos»hile  in  fti|a«ou«  phosphorous  arid  deposit*  , 
tho  copper  in  iho  metallic  Blate  oa  boiling.  (H.  Rose,  /'ojy.  12,  391) 

D.  pRospnATB  OF  CnpRic  Oxide,  or  Cdpric  PHoeraATB. — a. 
hatic. — An  emprald-^en  ore  of  copper  from  Hirechberg  oq  Ibe  Si 
baviTig  a.  Bcaly  fnicture   aod  conc-cutrically   fibrous    structure.    (Ki 

tPham.Si,  218.) 


:  3&iO,  PO*  1 3C«0,  HO. 

KUhii. 


6CaO,PO>«-a&q.       33S-4 


b.  Quintohaiie, — rkotpKoivchalciU,  or  Ptfudo-jmaladiUe. — CiyalBl 
tjtibm  the  oblique  prisma^c,  Fiff.  91  and  99,  together  wiili  tm-,/-, 
t-  f»co«;  «  :  ii'=3S'  56';  i  :  u=:llZ-  37'.  Lilcewisa  fonnd  iu  fibrous 
Pftrthy  masaea.  S[>.  gt.  A-i.  Hnrder  than  fluorqiar.  Enicrald  . 
vordi^is.green;  yields  a  pale  green  pwwder.  Wbea  eud<lenly  beated 
the  hlowpipe,  it  falla  to  povder;  but  if  slovly  beated,  it  turns  bUek, 
flues  oa  the  charcoal  to  a  black  bead  compiling  a  small  granols 
copper.  The  bead,  etrongly  beatad  with  an  equal  volume  of  load,  yii 
copper  iind  fused  phosphate  of  tead-oxide,  which  orvstalliaes  oa  cooll 
Heated  with  a  «niall  quantity  of  carbonate  of  soda,  "it  swells  np  uid  tl 
fuses;  with  a  larger  quaiitily,  it  forms  a  tumefied,  infusible  roaea;  wha 
•till  lari(er  quantity  of  carbonate  of  sc>da  is  ufied,  the  saline  inaM  sil 
into  the  charcoal,  and  leavea  copper  K'hlnd.  (Berzeliua.)  Wb«ti  moi 
pned  with  hydrochloric  acid,  it  imparts  a  blue  colour  to  the  blowfi) 
flame.    Eaeioly  soluble  in  nitric  acid  and  in  ammoniii. 

Lorni.       ArfTcdion. 


5CuO  

PiKvhoroehaicil,. 

62-85     .-.     SII-20 
2189    ....    14-70 
lS-4»    ....      »-97 

..  66-94  -.  n-M 

,.  24-2«  ...  Hi 
-    7-89  ._    *i 

PC 

SHO   

71-4     ....     23-93     , 
27-0              90S     . 

6CoO,POt+3Aq- 

298-4    .  .  lOO'QO    . 

.     93-99    ....     98-87 

..  99-03  --  gH 

icording  lo  E 


According  to  Lnnii'a aaalysia,  it  is  5CnO,PO'  +  5Aq.;  ao 
{Ann.  Pharm.  51,  123},  it  is  3(CuO,PO')  +  3{CuO,HO). 

%  Coprie  Phofphate  from  Liebelkin. — Fibrous,  separating  in  concnt 
scales;  with  a  waxy  liiBtro  on  the  fractured  surface,  and  a  satiny  I iMm  < 
the  outer  surface;  looks  as  if  it  had  been  fused.  When  bented  to  notM 
it  splits  asunder  with  yiolence,  but  without  noise;  even  in  the  elate  of  fi 
powder,  it  is  forcibly  scattered  about  when  ignited. 

Kbhn. 

SCuO    _ 2000      ...     69-13      S9-«l 

PO' — 71-4    ....     24-64      „      24-13 

aHO , 18fl    ....      6-23      G-26 

S(CnO,PO*]-t-(2CinO,HO^    289'4    „  I«a-M     .. lOQ-O0 1 


CTJPRIC  PYROPnOSPnATE. 

c.  Quadrobatfe. — Li^iethtnUe, — CryBtslHne  system  the  right  priBmatio, 
JYj.  64.  H  ■.u'=  84"  58';  i  :  i'  =  1 1  !■'  58'.  Rp.  gr.  36  to  38.  Harder 
than  calcspar.  Colour  olive-f,'reen  inclining  to  blackish-groen;  tmnalu- 
cent,  with  a  waxy  lastre.  Ejdiibita  tbe  same  chemical  relatio 
phoroehalcite. 

Lielielhmile, 

4CnO    160-0       .,..       64-15 

von  ;]-4      ....      a8-63 


According  to  KiJbn,  it  ia  3CuO,PO'+3CuO,HO. 

d.  Terlasic. — Precipitateil  on  mixing  a  cupric  Bait  with  dlpboaphate 
of  ammonia,  potash,  or  soda  [in  escccBs?],  tho  liquid  becoming  acid. 
(Mitscberlich.) — Bluiah-grcen  powder,  n'hich  when  heated  givcB  off  water 
and  turns  brown.  When  ignited  with  charcoal,  it  yields  phosphide  of 
copper.  Insoluble  in  water,  but  dissolves  easily  in  acids,  eveu  in  phos- 
phoric, acetic,  and  sulphurous  acid,  the  latter  not  cnuBing  the  formaliou 
of  cuprous  oxide;  slightly  soluble  in  ammonracal  salts. 

r.  BifeMtc.^ Precipitated  from  copper-salts  by  dipboHpliate  of  soda 
[added  in  insnfficicnt  quantity'!].  Wlien  heated  to  redness  in  hydrogea 
gas,  it  turns  yellow  from  formation  of  n  cuprous  salt,  and  yields  dipboa- 
phide  of  copper.  (H.  Rose.)  In  other  respects,  it  cxhihits  the  same 
diameters  as  d. 

TrrrmholUp.     Sp.  gr.  from  338  to  34;  fractured  concboidal;  colonr 
— "-— -h-grcen  inclining  to  ememld-green.    (Breithaupt,  J.  pr.  Chent. 
) 

TVomio/i/e.  Plittner. 

2CnO      800  .      42'69         39-2 

PO*  71-4      ....      38'10        41-0   (ne«rij) 

41IO 36'0       ....       19-21         16'8 

SiO=,Al=0-      .  ..  trace 

2CuO,PO'  +  4Aq.  1874      .,,     10000        970 

cid  Pho»pAate. — The  solution   of  a  in  aqueous  phosphoric  acii 
D  eva[joratioa  a  green,  gummy  mass. 

^BOPnOSPHATE  OF  CuPRIC  OxiDE,  Of  CuPRlC  pYROPHOBPHAXa— 

MwoItcs  in  aqueous  pyrophosphate  of  soda;  decomposed,  by  boiling  with 
ordinary  phosphate  of  soda,  into  ordinary  phosphate  of  cupric  oxide  and 
pyrophoHpImte  of  soda.  (Stromeyer.)  %  Preparing  by  precipitating  a 
cupiic  salt  with  pyrophosphate  of  soda.  Amorphous,  greenish- white 
powder,  which  becomes  dark  blue  when  dried  at  100",  and  aasamea 
ft  lighter  blue  colonr  on  ignition.  Diseolres  iu  mineral  acidx  and  ammonia, 
Hid  likewise  in  pyrophosphate  of  soda.  When  boiled  with  caustic  potash, 
it  is  resolved  into  cupric  oxide  and  phosphate  of  potash.  Sutpliarons 
acid  dissolves  it  without  converting  it  into  a  cuprous  salt,  and  thesolutioD, 
when  boiled,  deposits  it  again  in  the  crystalline  state.  The  salt  dried  at 
100'  contains  3CuO,PO'-f  2Aq.  Tha  two  atoms  of  water  are  giren  off 
on  ignition.  (Schwarienberg,  Ann.  I'/tarm.  6,5, 156.) 

Scbwvnmberg. 
Anh^droiu,                       Amorpiaiu.         Cryilaltittt. 
2CuO    eO-0  ,.-      52-84       52'1       52-89 


420  COPPER.  ^ 

P.    METATHMPBATn  OP  CCPRIC  OxmB,   Or  ClTPUC  HBTArBOSTBtlt. 

— Foniied  by  adding  ft  BoIulioM  of  cnpric  i)itrnt«  to  dilute  pliotpiwm 

acid,  evupuratiag:  and  beating  above  310^;  wiiereapoB  it  U  tl«pont«ila 
Ibe  form  of  a  blaixb-white  powder.  Insoluble  in  wat«r  and  ililuW  mal^ 
but  aoliible  io  Btrong  sulphuric  acid. 

CuO    <0-0      .  .      3S-» 


CnO.aPO* 1114 

(Maddrcll,  Ann.  Pharm.  01,  GO.)  t 


Copper  and  SiTtpum. 

A.  DieuLPiiiDB  OP  Copper,  or  Cuprous  Sulphide. — Foand  ia  tbt 
form  of  Copper-glanct. — Fnrmation.  —  1.  By  trituratiog  copper  wift 
Bulplur.  When  64  pta.  (2  At.)  of  finely  divided  copper,  obtained  by 
reduoiog  ttio  carbonnlo  by  Iiydro^'cn,  und  1(!  pts.  (I  At.)  of  milkof  Eolphu 
are  dried  togetlier  over  oil  of  vitriol,  and  triturated  togethi-r  in  a  mtiriti, 
ao  gently  tliat  no  beat  ia  produced  by  the  friction,  tlioy  ctiuibine  as  KM 
as  a  anifomi  mixture  ia  attained,  and  form  bluish  disiilphid^,  the  oonU- 
nation  being  attended  with  a  development  of  heat  vliich  raises  ibo  onB 
to  rodncsa.  If  the  proportion  of  the  copper  to  the  sulphur  be  erei 
slightly  altered,  the  erpcriment  faila,  even  though  the  mortar  be  wanneJ- 
If  the  worlar  be  warmed  to  Slj"  or  25^,  it  is  not  necessary  to  dryUw 
powders  previously,  aad  moreover,  flowers  of  sulphur  may  bo  used  insltsi 
of  milk  of  salphur,  only  that  loiiger  trituration  is  ucceasary  to  indnw  coBi- 
bination.  (Wiukelblech,  Ann.  Fharra.  21,  34.1  Sulphide  of  copper  Li>lu 
formed  by  triturating  cupper  filings  with  sulphur  and  water. — 2.  TtrB 
copper  leaf  bums  with  vivid  inflammation  in  a  gla^a  flask  in  which  salpbnt 
baa  been  heated  till  it  volatilizes.  8  parts  of  copper  filings  mixed  wilt 
3  parts  of  pounded  sulphur  unite  with  incandescence  whca  heated.  Tb» 
same  compoandis  obtained  by  fusing  together  plates  of  copper  and  pooodcd 
sQiphur,  arranged  iu  a  crucible  in  iilternate  layers. — 3.  By  igniting  prot- 
oxide of  copper  with  sulphur. — 4.  One  hundred  parts  of  dry  cupnc  «■!■ 
pbate  heated  to  whiteness  in  a  crucible  lined  with  charooal,  yield  47^ 
parts  of  disulphide  of  copper,  mixed  with  a  few  granules  of  the  inebL 
(Borthior,  Ann.  Ckim.  Pkyi.  22,  23G.) 

Copper-glance  belongs  to  th«  right  prismatic  system.  Fig.  50  irilb 
the  p-face;  (:  11=120=' lap;  u:u-=6Q'2b-  a  :  m=11-^''50';  »  :(=Ili"5B'. 
Cleavage  imperfect,  parallel  to  ti,  (Mohs,  Pogg.  24,  428  ;  Milscfaerlieh, 
J.  pr.  Chem.  II),  451.)  The  oryatals  uf  copper-gliuioe  wero  fbrmurij 
regarded  as  belonging  lo  the  hexagonal  system.  Milscberlich  {Pogf. 
24,  428),  by  fusing  together  large  quantities  of  copper  a.nd  suipbw. 
obtained  regular  octohedrons.  Specific  gravity  of  the  native  sulpnide, 
from  fl  C[)5  to  5-735  {Mohs);  of  thenrtificial  compound,  5-9775  (Karsten), 
DJHulphide  of  copper,  whether  natural  or  artificial,  is  hanler  than  gvpsum, 
slightly  malleahie,  of  a  blackisli  lead-grey  colour,  and  much  more  eatUy 
futihle  than  copper. 


1 


AttaMn^j,80fk».(l  AL)Ca%  eboiiMMpanU)  312  p(«.  <3  At)efW  I 
=100  :3M.  (Bertkier,  Ann.  Ckim.  rkft.  89,  24«.)      Lc»d  »erte  na 
^MOinamg  MtioB  on  mlpliiilft  of  mpper  wben  fasH  witli  it-  {KanUt>| 
niwl|*iih  of  BSppcr  i|iuMd  witfi  the  protosido  is  easily  ronreriMl  ill* 

wMw mU  ud  metallic  copper,  or  iho  iliDri<l«.      1  A  I.  Cu'8  u4 

Z  AL  CuO  ■»  eaiBplet«lj  conTertoil  into  salpharous  acid  and  coppn; 

Cii^  +  2CbO=  (Cn  +  SO*. 
nitb  1  At  CaO  [6  Al  Bccoiding  to  Gmelin]  tha  only  producla  on  tvl- 
pboKHU  acid  uid  cnprotu  oxide : 

en's  +  eCnO  =.  4CuK>  +  SO*. 
Atnr  0SCPM  of  disnlphide  of  copper  remfuas  nndecomposed.  (EanUs, 
Stkm.  flS,  401. J — H«Ullic  iron  deoompos^  di^lphido  of  copper,  thon^ 
vtnr  unpiprfoctlr,  jrialduig  copper  mntuDiD^^  iron,  iron  containitig  cd[^, 
■M  anlpfaidff  of  copper  and  iroo.  Ferric  uiide  exerta  but  a  altgbt  decuO- 
pMing  action,  ud  urroiu  silicate  none  at  aiX. 

B.  pROToennfiniiB  op  Copper, or  Cipric  SirtpnroE. — Fonndinti* 
Conn  of  Indigo  Copper  or  Btiu  Ct^per,  BrritkanpliU. — 1 .  Prwi  jiilattd  im 
(■Ipnuetteid  hydrogen  tbrougb  a  cnprio  siUt,  iu  black  flnlu^ 
vmno  grMoisb-black  when  dry  and  rodden  litmus-  Tbc  qieeifia 
j^rity  nf  the  eutphide  precipitated  by  aalpliide  of  ammoniam  and  driod 
out  of  contact  of  air  at  a  temperature  above  100°,  i»  4'1634,  (Kawttn.) 
— 2.  niioD  finely  jHiunded  di^iilphiJe  of  copper  is  triturated  in  a  mottv 
with  fold  Birong  nilrie  acid  till  Lbo  action  ceases,  and  then  washed,  pre- 
(nsulphiilc  of  copper  remains,  in  the  form  of  n  sreeuieh-black  pon-dcc. 
(Faraday,  QwiH.  J.  o/  Se.  21,  1 83.)— Protosulpliide  of  copper  i;fol(od 
out  of  cnatact  of  air,  gires  off  half  its  sulphur  aud  is  converted  into  (ba 
di«utphide.  (Dobereiner,  Sehu.  17,  414.)  iWhen  exposed  to  the  air  in 
the  moist  state,  it  is  converted  into  sulphate  of  cupric  oxide.  {StA.  30.} 
It  diit»olve«  in  hot  uitrio  acid,  wiih  separation  of  salpliur  and  fonnatEoO 
of  mlphurjo  acid.  Hot  concentrated  hydrochloric  acid  dissolves  it  elovly, 
with  evolution  of  sulphuretted  hydrogen,  precipitation  of  sulplmr,  tm 
fonnation  of  add  bydrochlorate  of  cuprous  oiide.  From  nittat*  of 
rilrer^xide,  it  throws  down  culfhiJo  of  silver.  It  doea  not  dissolwiD 
aijneoas  inlpfauront  acid,  caustic  potafb,  or  alluiline  hyjrosulphatea. 

Native  protosulphido  of  copper  is  found  sometimes  attached  to  lai 
associate*!  with  copper  pyrites,— massive,  of  speciGc  gravity  38,  soft,  and 
of  a  binish-black  colour, — sometinics,  in  the  fumarolea  of  Vesuvius,  iu  ib» 
form  of  a  sooty  dc[)Oflit  or  a  black  net-work  like  a  spider's 
(Walchn«r,  Sche.  49,  158;  CoveUi,  A  ««.  Chim.  Phyt.  35,  J05;  also  I 
10,  4P4.) 

Wslchner. 
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C.  PimTAStTiFHiDE  OF  CoFPER. — AqoeoOB  pentaeulpbide  of  potaedna] 
forms  with  cupric  salts  a  liver-coloured  precipitate  whic*  turns  bbck 
alter  diying,  i^i  not  altered  by  ea^ioaure  to  the  air,  or  by  washing  wilt 


boiling  water,  and,  ivlioti  recently  precipitated  diitsolves,  in  squeons  car- 
bonate of  potash,  forming  a  brown  solution.  {BeMeliua.) — According  la 
Benelius,  bieulphidc,  t«reii]pLide,  and  tetniEulphide  of  potaseiiiin  give 
iWith  cupric  salts  a  precipitate  of  the  eanie  colour,  likewise  soluble  in 
:0uboiiate  of  potash,  and  oonsiating  of  a  mixture  either  of  CuS  and  CuS' 
«r  of  CoS',  CuS'.and  CuS'. 

D.  IIvposoLpniTB  OF  Cci'Rous  Oxros,  or  CtrpHocs  Hyposulphite, 
^Formed  by  precipitating  hyposulphite  of  lime  with  sulphate  of  cnprio 
03clde,  or  by  digesting  it  willi  carbonate  of  cupric  oxide. — Colourless 

ilntion,  having  a  sweet  taste  and  turning  blue  in  the  air  when  super- 

,tu»led  with  ammonia.  (Horscliel.) 

^^  E.  StiLPiiiTB  OF  CtipHors  Oxide,  or  Cuphods  SuLPniTE. — 1.  Formed 
BV  digesting  cupric  oicide  or  its  hydrate  or  carbonate  with  aqu^ns  aul- 
pnorous  acid.  (Cheyrenl,  Berthier.)  The  products  of  this  reaction  are 
•olnble  cupric  aulpliate  and  crystaliiied  cuprous  sulphite  : 

3CuO  +  2SO;=  CuCSOJ  +  Cu'CSO'. 

_tiited  onprio  oxide  is  but  slowly  acted  on  by  sulphurous  acid  at  ordinary 
nupetatnres;  but  on  the  application  of  heat,  the  decomposition  goes  on 
KPidly  and  is  attended  with  the  formation  of  a  blue  solution  of  cnprio 
ia1pliat«,  and  red  crystatline  scales  of  cuprous  sulphite,  amounting  to  eight 
■its  for  erery  ten  of  the  cupric  oxide  used.  Carbonate  of  cnprio  oxide 
iBBolrea  readily  and  with  effervescence  in  the  cold  acid,  forming  a.  green 
lolotion  of  capric  sulphite,  which,  slowly  in  the  cold,  more  quickly  in 
!,  and  very  rapidly  if  gently  warmed,  turns  blue  and  deposits  red 
.  (Berthier.)  Finely  pounded  Azure  Copper-ore  acta  in  tbc  same 
Uanner  as  the  artificial  carboniite,  but  more  slowly.  (A.  Vogol, 
pr.  Chem.  30,  39.)  Hydrated  cupric  oxide  immersed  in  sulphurous 
d  is  immediately  conTcrted  iuto  browu-red  sulpliito  of  cujiruus  oxide. 
^r,  Ann.  Pkai-m.  39,  178.)  2.  The  same  salt  is  precipitated  on 
Bixing  aqueous  sulphite  of  potash  or  sada  with  a  warm  aolntion  of  cupric 
Wdphate  or  nitrate.  (Chevreul.)  To  oL tain  fine  crystals,  strung  polash- 
W  satarateU  in  the  cold  with  sulphuroas  acid,  must  be  added  to  a  solution 
n  blue  vitriol,  the  liquid  filtered  from  the  small  <iuantity  of  cuprous 
blphite  which  falls  down,  and  the  fillmte  gently  healed  till  the  crystals 
'  !gin  to  separate  out.  (Boursou,  Compt.  rend.  13,  111;  also  J.  pr.  C/tem. 
i,  3D9.) 
^^  Shining,  cochineal -coloured,  crystalline  granules  and  scales.— When 
touted  in  a  retort,  they  give  off  water  and  sulphurous  acid,  and  leave  a 
.  __.  quantity  of  cuprous  oxide  of  a  somewhat  darker  red  colour. 
|Berlliier.) — When  boded  with  water,  they  are  resolved  into  sulphurous 
bcid  gas,  cupric  sulphate,  cuprous  oxldi>,  and  a  small  quantity  of  sulphide 
"f  copper.  (Chevreul,  Ann.  Cldm.  83,  181;  also  Gilli.  48,  185.)  In  the 
ly  slate,  they  do  nut  alter  by  exposure  to  the  air  (Chevreul);  but  when 
inoist,  the?  are  converted  into  a  mixture  of  normal  and  basic  sulphate  of 
mpric  oxido.  (Berthier.)  Sulphuric  acid,  oven  when  cold  ami  dilute, 
decomposes  the  crystals  immediately,  converting  them  into  cupric  oxido 
irhich  dissolves,  and  dark  red,  finely  divided  metallic  copj)er.  Thev  are 
x\y  soluble  in  water,  but  dissolve  in  sulphurous  acid,  hydiocoloric 
icid,  and  ammonia.  (Berthier,  N.  Ann.  Chm.  7,  81.) 
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5  The  eotniMisitioB  of  this  red  ealt  is  rarionsly  Btate<l  by  diffiRon 
^eniiU.  Uospratt  (.dm.  Piarm.  JO,  285),  by  passing  sulphurmu  acid 
gsa  Lnlo  w»t«r  in  vhich  a  snull  qoaatity  of  cuprlc  oxide  wan  suspended, 
•ad  Elowty  enporklin;;  tlie  bright  green  Mlntioo  thereby  produce^ 
obtftined  after  *  feir  Smys,  largv,  fine,  purple  crystals,  yielding  k  ni 
pnitder:  they  were  founiT  to  conaist  of  CuH),  SO*  +  Aq. — B&ttjnger  {Jm. 
fkamt.  52,  410),  by  mixing  a  solntioD  of  cupric  salpbatc  witli  Eulpbiteof 
aniDionia  eoDl&iaiiig  but  a  email  quuitily  of  free  sulphurous  &cid,  obUiBcd 
»  dirty  greenish -yellow  precipitate,  which,  on  the  ftddition  of  »  little 
sulphuron«  acid,  wa:>  mpidly  aad  easily  converted  into  a  beantifnl  gna 
liquid.  If,  oD  the  contrary,  the  snlphite  of  ammonia  contained  a  soffideU 
([UiiDtity  of  free  Gulphurou«  acid,  no  precipitate  was  prodoced  in  the  eoM, 
the  liquid  merely  acquiring  a  green  colour.  But  ou  slowly  heating  citW 
of  ibcee  eolulionn  to  about  GO",  &  white  mlt  separated  out,  which  mw 
found  to  be  a  double  snlphitc  of  cuprous  oxide  and  anunonia.  At  t 
higher  temperature,  this  ealt  is  quickly  converted  into  a  red  gnnular 
compound,  which,  when  examined  by  the  microecope,  ^t«  found  to  mo- 
tiet  of  oblique  four-sided  prisms.  The  eanic  red  ^alt  may  be  nblnined 
immediately  by  heating  a  Eolution  of  blue  vitriol  wiLh  Gutpbil<  of 
ammonia  coutaiuing  free  aulphutons  acid,  to  the  boiling  point.  Its  con* 
position,  according  to  Bottingcr,  is  as  follows:— 
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Thia  oalt,  when  boiled  for  a  long  time  in  the  liquid,  givea  oS  Eulfj 
acid  and  becomes  lighter  in  eoluor.  In  this  state,  Bbttinger  found  it'lS 
contain  66'ti  p.  c.  Cu'O.  Mence  may  be  explained  the  diticordanl  moll* 
obtained  by  uiSerent  cbeiuists  in  the  analysis  of  tlua  red  salt. — According 
to  Rammeleberg,  its  formula  is  CuO,SO'+Cu'0,SO'  +  HO.  f 

F.  Sdlphite  op  CtFHic  Oxide,  or  Cii-ric  Rcu'HITE. — The  gt«ii 
liouid  obtained  by  di:>£olving  carbonate  of  cupric  oxide  in  cold  aqucuoi 
enlpburous  acid  consiets  of  ibis  salt;  it  eoou  changes,  however,  espcciallT 
when  heated,  into  cuprouG  sulphite  and  cnpric  Eulphntc.  (Berthier.) 
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'      G.  HvposcLPHATE  OF  Crrnic  Oxide,  or  Cupkic  Hv 

a.  Qvailroba»ic. — Formed  by  mixing  the  nqueous  eolulion  of  6  wi  

small  quantity  of  auiuiLnia.  Vcrdigria-colourcd  precipitate.  ToiW 
violet'Juice  green.  Does  not  absorb  carbonic  acid  from  tbe  ait,  Wben 
heated,  it  assumes  fir^^t  a  dark  green  and  then  na  ochre-yellow  colour. 
Very  sparingly  soluble  in  water.  (Heeren.) 

Quadreiatic. 
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h,  Monobanc. — Prep&ratiDn  eimilar  to  tliat  of  the  eorreapondlng 
'ons  salt  (p.  236).  Rbombio  pribms,  liaving  the  lateral  eilges  inctinca 
.tangles  of  about  108"  and  72%  and  with  diliodral  snininita  rflstiog  on 
!ie  acute  lateral  edges.  Tlie  crystals  &rQ  slightly  efflorescent,  decrepitate 
violently  when  heated,  and  leave  52*69  per  cent,  of  cuprio  sulphate, 
yery  easily  soluble  in  water,  but  insolahle  in  alcohol,  (Heereo.) 
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H.  SuLPBATK  OP  Cdpric  Oxide,  or  CuPBio  Sdlphate. — a.  Octo- 
latie. — Formed  by  mixing  a,  snlutLon  of  blue  vitriol  with  a  quantity  of 
otask  just  Hufliciont  to  preoipitate  all  the  copper,  but  not  to  give  the 
quid  an  oJkaline  reaction — then  washing  and  drying  the  precipitate. — 
&Ppte-greon  powder.  Turns  blue  and  gives  off  water  when  heated. 
^I0'76  per  cent,  of  water  escapes  at  H9'^,  and  10-52  per  cent,  more 
between  149^  and  260^;  consequently,  6  atonia  of  water  are  more  inti- 
inal«ly  united  with  the  salt  than  the  other  six.  The  dehydrated  ealt, 
%lieii  placed  in  contact  with  water,  regains  its  fine  green  colour  and 
eoomes  heated.  (Kane,  Ann.  Ckim.  Phi/t.  72,  269.) 
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b.  Quadrobaiie. — Occurs  in  the  form  of  Srachanlilf.     The  hydrate 
Lknd  the  recently-precipitated  carbonate  of  cnpric  oxide  are  converted 

Rto  this  salt  by  immersion  in  a  solutiou  of  blue  vitriol.  (Proust,  A.  Gekl. 
6G7-) — 2.  The  same  salt  is  also  formed  by  precipitating  a  solution  of 
4ue  Titriol  with  so  small  a  quantity  of  potash  or  ammonia,  thitt  part  of 
Ae  Bolntiou  ^hall  remain  undeoompostHi.  (Proust,  Ann.  Ckim.  32,  34; 
I,  Gilb.  40,  300;  KiJhn,  Schw.  60,  343.) — The  precipitate  carriea 
down  with  It  a  quantity  of  sulphate  of  potiwh,  which  cannot  be  removed 

■((T  washing.  (Graham,  Ann.  Phavm.  2a,  20.) — 3.  By  boiling  a  solution 
ilblue  vitriol  with  a  ijuantity  of  zinc-oxide  not  Hufficient  to  throw  down 
lie  whole  of  it.  The  precipitate  is  free  from  ^inc.  (Brunner,  Pogg, 
15,  479.) — 4.  The  some  salt  la  likewise  precipitated  from  a  solution  of 
Une  vitriol,  supersaturated  with  ammonia  and  exposed  to  the  air, 
jKiilin.) — 5.  It  is  also  obtained  by  treckting  with  water  the  green  powder 
which  remains  on  gently  heating  the  sulphate  of  euprio  oiide  and 
nnonia.  (Kane.) — Pale  green  powder. — Does  not  dissolve  in  water,  or 
pre  np  any  of  its  sulphurio  acid  to  that  liquid.     Undergoes  no  alteration 

Bt  100^;  at  a  hif^her  temperature,  it  gives  oQ'  water,  and  is  converted 
ifter  first  turning  olive-green)  into  a  brown  mixture  of  cuprio  oxide  and 
nonobaaio  cuprio  sulphate,  which  latter  becomes  hot  by  contact  with 
TAter,  and  may  bo  extracted  by  it;  but  if  the  solution  thus  formed  be  left 
to  stand  for  some  time  in  contact  with  the  cupric  oxide,  the  monobasic 
nit  is  reproduced.  (Proust.)  This  salt  fives  off  only  one  atom  of  water 
•t  the  melting-point  of  lead.  (Graham.)  According  to  Kane,  no  water 
goes  off  below  140°,  but  at  that  temperature  the  whole  ia  *\o\.-(wl.-,  "^i^ 
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blue  pnlTeralent  reaidae  absorbs  water  slowly  firom  the  air,  but  qniekly 
when  moistened,  the  combination  being  attended  with  erolntion  ol  hssti 
and  the  salt  acquiring  a  bluish-green  colour. 

Brochantite. — Crystalline  system  the  oblique  prismstio.  Fiff,  55, 
together  with  the  y-face.  (Levy.)  The  Perurian  mineral  is  a  pale  green, 
earthy  mass,  sometimes  of  the  mirdness  of  soft  sandstone,  sometimes  maUe 
between  the  fingers,  sometimes  argillaceous.  Boiling  water  extncU 
from  it  nothing  but  a  small  quantity  of  gypsum.  When  ignited  tnd 
subsequently  treated  with  water,  it  behaves  like  the  artificial  salt.  Con- 
tains 27  per  cent,  of  sand  mixed  with  it.  (Proust,  jV.  GekL  2,  54.)— 
The  mineral  from  Siebenbiirgen  resembles  malachite  in  external  appear- 
ance, but  has  a  higher  lustre  and  darker  colour.  Sp.  gr.  from  3*78  to 
3*87.  At  a  red  heat,  it  gives  off  a  small  quantity  of  sulphurous  acid 
together  with  water.  Before  the  blowpipe  on  charcoal,  it  foses  and 
yields  a  button  of  copper.  (Magnus,  Fogg,  14,  141.) — Berthier  (Ann. 
Chitn,  Phys.  50,  360)  examined  a  similar  compound  from  Mexico. 
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The  analytical  results  vary  between  the  three  following  formulas : 
a.  4CuO,SO»  +  4  Aq.— 6.  4CuO,  SO' 4-3  Aq.=CuO,  SO»-f  3(CuO,  HO).— 
c.  3CuO,  S0'-|-3  Aq.  —  The  calculations  from  these  formula)  give  the 
following  per  centagcs  : 

At.  a.  At.  b.  At.  c. 


CuO  .... 

4  .... 

IGO  ... 

67-80 

4 

....  160  .... 

70-49 

3  ....  120  ....    6417 

so»  . 

1  .... 

40  .  . 

10-93 

1 

....     40  .... 

17-62 

I  ....     40  ....    21-39 

HO   .... 

4  .... 

36  ... 

15-25 

3 

....     27  .... 

11-89 

3  ....     27  ...     14-44 

236    ...  100-00  227  ....  100-00  187  ....  100*00 

Berzelius  {Jahresher,  1 1,  176),  on  further  examination  of  the  salt  precipi- 
tated by  an  insutficiont  quantity  of  potash,  found  that  it  contained  not 
quite  4  At.,  but  considerably  more  than  3  At.  cupric  oxide  to  1  At 
sulphuric  acid;  probably,  therefore,  a  mixture  of  two  basic  salts. 

c.  B (basic  ? — When  an  aqueous  solution  of  125  pts.  (1  At.)  blue 
vitriol  is  digested  for  some  months  with  40  pts.  (I  At.)  of  finely  pulve- 
rized cupric  oxide,  the  liquid  becomes  completely  decolorized,  and  a  green 
powder  insoluble  in  water  is  produced,  (Thomson,  Ann,  Phil,  17,  244.) 

A  concentrated  solution  of  blue  vitriol  digested  with  cupric  oxide 
takes  up  a  certain  quantity  of  that  substance,  and  yields  four-sided 
prisms  terminated  by  four-sided  pyramids.  (Leblanc,  J,  Phys.  55,  301.J 
Any  pale  green  precipitate  [of  quadrobasic  salt]  that  may  bo  formed 
during  the  digestion,  dii^appears  again  on  the  addition  of  more  blue  vitriol 
solution.  The  crystals  are  distinguished  from  those  of  blue  vitriol,  not 
only  by  their  form,  but  likewise  by  their  blue  colour.  (Huuefeld,  Schw. 
50,  342.) 


CUPRIC  SULPHATE. 

d.  Monobaak. — SiUphale  of  C'ojiper,  Blue  Vitriol,  Copper-vitriol, 
Cyprian,  Vitriol. — Ocaurs  bete  and  there  as  a  modem  natiinil  for- 
mation. 

Furmaiion. — 1.  Wiien  copper  ia  iiDioeraed  for  half  a  yenr  in  an 
aqueoQB  aolulion  of  eulnhurouH  acid  contained  in  a  eluBe  vessel,  cupHo 
suphato  and  siilpLide  of  copper  are  formed,  and  the  aoid  loses  its  odonr. 
(BsiTuel.) 

2Ca+2SO'=  CiiO,S0«  +  Cu8. 

2.  Copper  heated  with  oU  of  vitriol  yields  cupric  sulphate  and  Bulphurous 
»oid  gas  : 

Cu  +  bSO*  =  CuO,eo>+80': 

part  of  the  sulphnrona  acid,  however,  a«ta  on  the  cupper  as  in  { I),  no  that 
the  cupric  sulphate  produced  is  mixed  with  sulphide  of  oopper.  This 
salphido  of  copper  appears  to  constitute  the  black  powder  which  Ber- 
xelius  (Ann.  Chim.  fhi/t,  2,  228)  sapposed  to  conaist  of  cuproue  sulphate. 
Even  at  ordinary  temperatures,  sulpliurio  acid  kept  in  contact  with 
copper  in  a  close  Tease]  slowly  produces  cupric  sulphate,  with  simul- 
taneous formation  of  eulphide  of  copper.  (Barruel,  J.  Phami.  20.  15.) — 
Copper- turnings  and  oil  of  vitriol  placed  tegctber  in  a  ve^jel  completely 
filled  with  the  liquid,  and  closed,  exhibit  the  foUowine;  phenomena  : — 
At  the  end  of  one  week,  a  pale  rose-coloured  liquid;  after  3  weeks,  the 
liquid  decolorized,  the  copper  still  bright;  after  8  weeks,  a  small  quantity 
of  brownish  powder,  consisting  of  sulphide  of  copper,  depoaited  at  the 
bottom  of  the  vessel;  this  powder  continues  to  increase  in  quantity  up  to 
the  fifth  month,  and  fiually,  transparent  and  colourless  crystals  of 
WihydrouB  cupric  sulphate,  which  form  a  blue  solution  in  water,  are 
deposited  un  tne  sides  of  the  vessel.  After  the  lapse  of  six  months,  ths 
eolonricgs  liquid  emits  a  strong  odour  of  gulphurous  acid,  and  turns  blue 
when  mixed  with  water,  showing  that  it  contains  anhydrous  ouprio 
Bulphate  diseolved  in  oil  of  vitriol.  Hence  it  appears  that  the  eiilphuria 
ftcid  is  slowly  decomposed,  Yielding  caprio  sulphate  and  sulphurous  acid; 
and  the  latter  is  at  first  wnoUy  expended  in  forming  (according  to  1) 
sulphide  of  copper  and  cupric  sulphate  with  the  rest  of  the  copper. 
(Barmol.)  Kvcn  a  mixture  of  60  drops  of  oil  of  vitriol  with  G  ounces  of 
vrater  inclosed  with  copper  in  a  liottlo  for  69  days,  yields  a  linnid 
wliiiA  is  colourless,  but  turns  hluo  on  the  addition  of  ammonia,  wnile 
tlie  copper  becomes  covered  with  black  cupric  oxide  [sulphide  I]. 
(J.  Da-ry,  N.  Mdinh.  Phil.  J.  8,  229.)— 3.  If  the  air  has  access  to  the 
fiautd,  the  copper  gradually  takes  up  oxygen  from  it,  and  dissolves  in  the 
anlnkuric  acid,  whether  it  be  dilute  or  moderately  coucentrated.  — 
4.  Difulphide  of  copper  heated  in  the  air  forms  cupric  sulphate  and  free 
eapiic  oxide.  Kveu  at  ordinary  temperatures,  many  coppor-oree  con- 
tetning  sulphide  of  copper,  yield  blue  vitriol  by  contact  with  air  and 
water. 

Preparation. — 1.  By  heating  1  At.  copper  with  at  most  2  At.  oil  of 
vitriol  till  the  residue  is  dry — then  exhausting  with  hot  water,  filtering 
firom  the  copper  and  sulphide  of  copper,  and  cooling  iho  filtrate  till  it 
crystallises.  32  pta.  cojipor  rci^uire  08  oil  of  vitriol;  which  may  be 
diluted  with  ono-third  of  its  weight  of  water.  —  2.  B^  heating  3  At. 
copper  with  3  At,  oil  of  vitriol  and  1  At.  nitric  aoid  together  with 
wstar : 

3Cn  +  3S0>  +  NO*  =  3(CuO,  SO'j  +  NO'. 
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The  salt,  wlien  ilissolveil  in  wat«r,  bos  nit  astringent  metallio  ta«te 
rc<lileD3  titinus. — At  a  strong  red  lioatr  it  gives  olf  all  its  acid,  [tartly 
the  furm  gf  sulphurous  acid  and  oxygen  gas  (Gay-LuBBao).  partly 
MiliyJrous  Hulpliurio  acid.  (Bagay.) — By  hydrogen  at  a,  red.  heat,  it  is 
reduced  to  the  stat«  of  metallic  copper.  fArfredson,  Poi/g.  1,  74.) 
Heated  to  dull  reduese  with  ckccss  of  charconl,  it  gives  otT  curbonic  and 
sulphurous  acid  gases  in  exactly  equal  volumes,  while  copper  free  from 
sulphar  remains  behind: 

CuO,Sff  +  C  =Cin-SO-  +  C0'. 

At  a  higher  temperatnre,  n  violent  disengagement  of  gas  takes  place,  and  a 
inixture  of  metnllic  copper  and  sulphide  of  copper  remains,  becau.se  the 
sulphurous  acid  gna  evolved  in  the  inner  and  loss  heated  part  of  the 
mixture,  acts  tipon  the  copper  and  charcoal  in  the  outer  portions,  in  ench 
K  manner  as  to  foim  sulphide  of  copper  and  carbonic  acid.  (Gay-Lussac, 
J,  pr.  Chan.  11,  6f.) — When  gently  henied  iu  a  stream  of  phoaphu retted 
hydrogen  gas,  the  salt  gives  ofi'  water  and  sulphurous  acid,  turns  brown, 
and  is  finally  converted  into  a  black  mixtaro  of  phosphide  of  copper  and 
Tariahle  qnantities  of  the  diaitlphide.  (H.  Rose,  Pogg.  24,  330.) — The 
aqueous  soiation  added  in  excess,  colours  pentasnlphide  of  antimony 
brown,  and  if  boiled  for  some  time  with  that  substance,  yields  a  mixtare 
of  black  sulphantimouinte  of  copper  and  white  antimontc  acid.  (Ram- 
melsberg,  Pogg.  52,  241): 

=  5(3CuS,SbS')  +  3SbO*  +  15SO'. 
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istCuO.so^  +  esbS": 
'For  the  decomposing  action  of  zinc 
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4^rystalliicd  blue  vitriol  dissolve 
Cwlaotian  of  temperature  amonnting  to  about  17",  and  forms  a  green 
moid,  which,  when  fomicd  by  the  action  of  at  least  1  atom  of  hydro- 
Aloric  acid  on  1  atom  of  blue  vitriol,  yields,  on  evaporation  and  cooling, 
iryetali  of  nuro  hyilratcd  chloride  of  copper,  the  whole  of  the  sulphuric 
iGid  remaining  in  the  mothei^lii^uid  in.  the  frco  state.  No  sulphate  of 
Apper  ciystalliies  out  unless  the  proportion  of  hydrochloric  acid  is  less 
ihan  one  atom.  If,  however,  the  crystallized  chloride  of  copper  is  left 
br  wme  time  exposed  to  the  air  in  contact  with  tho  mother-liquid  which 
contains  the  sulphuric  acid,  crystals  of  blue  vitriol  are  reproduced  fin 
.dl'l     "      ■ 


MnBequcii 


of  tho   evaporation   of  the   hydrochlor 


d !]. — Cupric 


(nlpliate  containing  no  water,  or  only  1  atom,  absorbs  rapidly  and  with 
{[leat  evolution  of  heat,  a  quantity  of^  hydrochloric  acid  gas  amounting  to 
Searljr  one  atom:  no  water  is  set  free,  but  a  dark  chocolate-coloured  wasa 
}■  formed,  which  rapidly  gives  off  all  its  hydrochloric  acid  at  it  higher 
teinpera.ture,  but  when  dissolved  in  water,  yields  crystals  of  chloride  of 
copper  and  a  mother-liquid  containine  free  sulphuric  acid.  When  hydro- 
«hlorie  acid  gaa  is  passed  over  ordinary  blue  vitriol  (containing  5  At. 
water)  in  the  state  of  powder,  great  heat  is  evolved,  water  is  siven  off, 
and  the  salt  rapidly  absorbs  rather  more  than  1  atom  of  hydrochloric  acid 
(in  conseqnence  of  the  water  being  set  free)  and  forms  a  grass-green 
iDaas — brown  where  the  salt  has  been  most  strongly  heated — which 
ftnnee  strongly  from  evolution  of  bydrocblorio  acid,  and  is  very  acid  and 
deliquescent.  (Kane,  Pk'tl.  Mag.  J.  8,  353;  also  Ann.  Pharm.  19,  I,) 

In  the  humid  way,  cupric  sulphate  resolves  itself  with  sal-ammoniao 
Into  aulph ate  of  copric  oxide  and  ammonia,  and  protochloride  of  copper 
(A.  Vogel,  Karsten);  with  common  salt,  into  sulphate  of  cnpric  oxide  [and 
aodal]  and  protochloride  of  copper    ( Bousaingault,  Ann.  Clvvm.  VU'^k. 


, ;  with  nitrate  of  potaab  or  soda.  Into  sulpl)at«  of  enprie  oxide  tiA 
potanh  or  socln,  atiil  u'itr»t«  of  cujiric  oiiile  (Karsten), 

C'lmbinaiioiii  uilk  Water. — When  cupric  sulpbats  which  haa  beai 
(l(<by4nitei)  by  bent  \»  moielened  with  water,  the  water  la  abAtrbeil,  Ibt 
temticrature  t'lsen  135',  and  the  Ealt  a«qturee  a  bine  colour.  (Graham.)— 
When  cipueeil  («  moUc  air  for  3  days,  it  takes  np  the  5  atoms  of  •  '  ~ 
Iwlongiiif  to  ordinary  blue  vitriol.  (Brandes,  Sckw.  51,  436.) 

a.  Mono-ht/dnitrd. — Koniaine,  when  the  penta-hydrnted  aalt  is 
in  racuo  to  38~,  in  the  form  of  a  greenish -white,  friable  raasa,  which,  it  a 
leniperature  between  221°  and  242",  givea  off  ita  last  atom  of  water  ami 
beoomea  white.  (Graham,  Phil.  Mag.  J.  6,  41  f).) 

ft,  Bi'hydraUd. — The  penla-bydmtcd  salt  kept  for  7  dara  in  racao 
orer  oil  of  vitriol  at  a  toniporatare  between  19"  and  21%  loses  sofh  i 
qanntity  of  water,  that  17'336  parta  (nearly  2  AL)  of  water  romaia 
combined  with  KO  parte  (1  At.)  of  the  anbydroas  salt. 

y.  Ptnla-kgdraUd. — The  ordinary  form  of  onpric  sulpliate. — Separate* 
from  the  aijnooiu  solution,  on  cooling,  in  lunre-blue,  transparent  cryatali 
belonging  to  the  doubly  obli<ine  prismatic  system.  Fi<f».  121,  122,  12ji, 
and  othnr forma,  y  :u  =  108'' 32';  y  :  v=ViS.''  37';  M:it=184''  2';  t.:»3 
l.^U°  2U';  u  :tD=126°  11',  d'c.  Cleavage  indistinct,  parallel  to  y,  u,  and 
*,  (Hau;f.)  Si>.  gr.=2-274.  (Kopp.)  The  cryslals  effloreaoa  on  Uia 
atirifu-'e  in  dry  air.  They  dissolve  in  3  parta  of  cold  and  (  pt.  of  boilii^ 
water,  One  part  of  the  crystaJa  dissolves  at  4"  in  332  pta.,  at  if  ia 
271,  at  3r  in  1  84,  at  37 '5=  in  1-7,  at  50"  in  lUjatcaS"  inl-27[t],M 
75=  in  1'07,  at  875^  in  075,  at  100^~  In  055,  and  at  104°  in  047  pwlaof 
Water.  (Brandca  Sc  Fimbaber)  The  cryslals  dtMolve  at  17-5^  in  3-413 
partB  of  water,  forming  a  solution  who«e  density  ta  1-I82.  (Karsten.)  K 
solution  saturated  at  8"  has  a  density  of  1'17.  (Anthon.)  OWuU  a«elii! 
acid  comp]fll«ly  procipitatea  blue  vitriol  from  its  aqueous  iiolu^M- 
(PenoK.) 

ThomHD.     Bending.         Proust.        Kinna, 

CaO 40    .. .     32      ....       22    ....       3213      ...       3t       .. .      40 

BO*   40     ....     32       „,       32    ...       31-S7      ....       33         ..      SI 

BHO 4B      .      36         ,.       3S     .         3630      ,.       35  29 

CuO,BO>  +  5Aq.         12S     .100      ....     100     ....     10000      ..     100       .        IDO 

Tbe  native  blue  vitriol  from  Chili  contains  small  qoantities  of  tha 
aulpbatta  of  ferric  oxide,  lime,  magnesia,  and  aJumina.  (H.  Rose,  PogS- 
27,  318.) 

The  colourless  solution  of  anhydrous  cupric  sulphate  in  oil  of  vitritJ 
acquires  a  beautiful  violet  or  violet-blue  colour  by  contact  with  nitric 
oxide  gnB.  The  liquid  is  immediately  decolorized  b^  dilution  with 
water,  and  likewise  oy  oxidizing  a^ate,  each  r,s  byponitric  acid,  nllrie 
aeid,  nitrates,  and  manganic  sulphate,  but  notbv  nitrites.  (Deabassins  d> 
Riehemont,  J.  Chim.  ]li6d.  11,  504,)— Jacquelain  (Compl.  rgnd.  14,  B43) 
was  unable  to  produce  this  viotet  compound,  and  inspects  the  preseDr«  of 
Xreen  vitriol  in  the  blue  vitnol  used  by  I)esbassins.  But  tbe  colour  is 
quite  different,  and  is  produced  even  in  pure  blue  vitriol  diffused  through 
rectified  sulphuric  acid.  (Gm.) 

I.  Curhomlphide  of  Copper  i — When  bisulphide  of  carbon  ie  passed 
over  red-hot  copper,  the  carbon,  according  to  Cluzel.  is  sepuatM  and 
deposited  on  the  surface  of  the  copper;  bnt  according  to  Benelin^ 
Jhtaitrd  &  Vauquoliii,  tbe  bieut^tbide  of  carbon  combines  as  a  whole 
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wilt  the  copper,  foiming  a  shining  black  substance,  which,  when  treated 
with  nitric  aciil,  Icavee  a  residue  cf  charcoal. 

K.  ScLpHocABBONATB  OP  CoppER. — Cupric  salts  yield  with  siilptio- 
carbunato  of  calciom  a  dark  brown  precipitate,  soloble  and  forming  a 
dark  brown  solution  in  excess  of  su I pliacar Donate  of  calcium,  black  after 
drying;  when  distilled,  it  first  gives  off  bisulphide  of  carbon,  then  eidpliur, 

and  leaves  disnlphide  of  copper.  (Berzelius.) 

L.  Cuphous  HvpoBrLpnopnospHiTE, — a. — ^itaiic.— 2Cu'S,PS.— 
Remains  in  the  form  of  a  Ilver-coloared  powder,  when  the  compound 
2Cu'S,PS'  is  ignited  in  a  retort, 

b.  Monobasic. — Disulphide  of  copper  does  not  combine  with  protoanl- 

{ihide  of  pboaphorufl  when  the  two  are  heated  together;  but  when  the 
ollowing  compound  (M)  is  ignited  in  a  retort,  PS  is  first  evolved,  then  A 
Enlphjde  of  phosphorus  richer  in  sulphnr,  and  there  remains  a  liver- 
coloured  powders  Cu'SjPS,  which  assumes  a  lighter  colour  when  rubbed, 
and  if  ignited  in  the  air,  la  converted,  with  faint  glow  (but  without  pho»^ 
phorus-flame),  into  Eulpburous  a^id  gas  and  a  black,  oxidized  mass. — The 
same  compound  is  produced  by  the  action  of  PS  on  dichloride  of  copper 
dissolved  in  ammonia.  (Berzelius.) 

M.  OuPBic  HiposULpnopHosPiiiTB. — Protosulpliide  of  eopper  preci- 
pitated by  sulj)huretted  hydrogen  from  a  solution  of  blue  vitriol,  then 
Washed  vith  water  freed  from  air  by  boiling,  and  dried  in  vacuo,  i^ 
treated  with  protoaulphido  of  phoepliorns  in  the  bulb-apparatus,  aa 
described  in  the  preparation  of  sulpliiile  of  phosphorus  au'i  nine  (p.  '28). 
Gombination  then  takes  place,  attended  with  so  great  a  dcvelopnient  of 
llMt,  thattheexceesofsnfpbidc  of  phosphorus  is  almost  instantly  distilled 
off;  what  remains  is  aftcrwurds  expelled  by  the  application  of  a  very 
pmtle  heat.  The  compound  is  left  in  the  tube  till  it  is  cold;  it  containa 
*  tew  granules  of  uncombined  sulphide  of  copper,  which  are  harder  than 
Ihe  rest  of  the  mass, — Black-brown,  becoming  lighter  when  pulverized, — 
When  heated  in  the  air,  it  bums  with  a  phoaphorus-flame,  and  leaves  a 
Itgfat  liver-coloured  powder.  When  distilled,  it  behaves  in  the  manner 
mentioned  under  L,  6. — Insolnblo  in  dilute  bydrochlorio  neid,  but  dia- 
Mlves  to  a.  slight  extent  in  that  acid  when  hot  and  concentrated,  forming 
kdeep  yellow  solution,  from  which  it  is  complptely  precipitated  in  dark 
trown  flakes  by  water,  so  that  the  liquid,  after  dilution,  no  longer  retains 
wro  of  copper.  (Berzelius,  Ann.  Fharm.  46,  252.) 
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33-54 

37-57 

3292 

30-W 

3354 

30-16 

The  mupnniid  auslycnl  bf  Berieliuii,  lielng;  i 
_  bills  of  Hi|j|ier,  (Le  ptoportion  of  plio»phornl  « 
>«0]>i>er  railHst  too  grtat.  (Berzelius.) 

N.  Cuprous  Sclphophosphitb.  —  B&atie.  —  Bisulphide  of  copper 
Bipilated  from  a  solution  of  blue  vitriol  in  excess  of  ammonia  by  sods- 
liver  of  sulphur,  is  washed,  dried  in  vacuo,  and  treated  with  protosulpliide 
<d  phoophorue,  in  the  bulb-apparatua  aboTC  meutioned  (p.  1^\.    C(«ft- 
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bination  takes  place  in  this  case  also,  wiUi  great  eTolntion  of  lieat.  TW 
excess  of  salpbide  of  phosphorus  is  driven  off  by  a  reiy  gentle  heat»  a 
stream  of  hydrogen  being  passed  through  the  appozmtns  all  the  tioK. 
Deep  yellow  powder.  Heated  in  a  retort  to  commencing  rednea^  i 
ffives  off  2  atoms  of  sulphur,  and  leaves  the  compound  L,a(2Cn^FS^ 
May  be  set  on  fire  in  the  air,  and  bums  with  a  fiaint  phosphoms-flsmey 
being  converted  into  a  shining  mass,  which  smells  of  snlphnrous  tekL 
(Berxelius.) 


4Cii 

P 

6S    

128-0 
31-4 
800 

....       d9*47          •*.. 
....        Xo  IX          .... 
....        WW  4iS           .... 

51-54 
13-09 
35-17 

2Cu»S,PS»  .... 

239-4 

....     100-00 

99-80 

Tlie  ezceti  of  sulphur  obtained  in  the  tnalysiB  proceeds  from  the  admixture  of  I 
•mill  qnantitj  of  2CnS,PS*.  (Beneliui .) 


0.  CuPRic  SuLPHOPnospnATE. — a.  Ociobasic. — ^Remains  in  the  form 
of  a  yellow  powder,  on  gently  heating  the  bibasic  componnd,  b.  (Benelios.) 

8Cu 256-0       ....       51-67         52*05 

P 31-4       ....        6-34        7-27 

13S 2080      ....      41-99         40-68 


8CuS,PS»  ....       495-4       ....     100-00        10000 

h,  Bibasic.  — 2CuS,PS*.  —  Formed  by  gently  heating  2  atoms  of 
CuSyPS  with  4  atoms  of  sulphur,  I  atom  of  PS  volatilising. 

2(CuS,PS)  +  4S  =  2CuS,PS»  +  PS. 

If,  however,  the  heat  rises  a  little  too  high,  PS^  is  given  off  as  well  as  PS, 
and  the  compound  0,a  remains.  (Berxelius,  Ann.  Fharm.  46,  278.) 

Copper  and  Selenium. 

A.  DisELENTDB  OF  CoppBR,  or  CupRous  Srlenide. — Found  native. 
Formed  by  heating  copper  with  selenium,  the  combination  being  attended 
with  ignition ;  or  by  igniting  the  protoselenide  in  a  close  vessel.  Dark 
stcel-groy;  has  a  close  fracture,  and  fuses  at  a  temperature  considerablj 
below  redness.  When  heated  in  the  air  for  a  long  time,  it  gives  up  onlj 
a  portion  of  its  selenium,  emitting  an  odour  of  horse-radish,  and  leaving 
grey,  brittle,  easily  fusible  copper.  (Berzelius.) 


2Ca 

Se... 


Berzelius. 

Smalaad. 

64     .... 

61-54 

64 

40     .... 

38-46 

40 

Cu«S©   104     ....  100-00        100 

B.  Protoselenide  of  Copper,  or  Cupric  Sslenidb. — By  predpi- 
tatiug  blue  vitriol  with  seleniuretted  hydrogen.  Black  flakes,  which 
becimio  dark  grey  in  drying,  and  acquire  the  metallic  lustre  by  pressure. 
Gives  off  half  its  selenium  on  distillation.  (Berzelius.) 

C.  CrpRors  Selenitr. — By  digesting  hydrated  cuprous  oxide  with 
aifiieous  seleniouA  acid.    White  powder,  insoluble  in  water.  (Benelios.) 
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'  D.  Curaic  SELEmre — a,  Basic. — By  precipitating  blno  vitriol  with 
feelenite  of  ammonia  containing  excess  of  ammonia.  Pistachio-green, 
becoming  black  when  heated,  and  giving  off  first  the  water,  and  thea 
the  whole  of  the  acid,  with  intumescence.  Insoluble  in  water,  but  soluble 
m  ammonia. 

6.  Ifonoselenite. — On  mixing  a  warm  aqueous  solution  of  blue  vitriol 
with  biselenite  of  ammonia,  bulky,  curdy,  yellowish  flakes  are  produced, 
which  are  quickly  converted  (slowly  in  the  cold)  into  small,  silky, 
|rreenish-blue  crystals.  When  heated,  they  give  off  water,  and  become 
UTer-coloured ;  then  fuse,  turn  black,  and  give  off  all  their  water  with 
ebullition.  Insolnble  in  water  and  in  aqueous  selenious  acid.  (Berzelius.) 
T  According  to  Muspratt  (Chem,  Soc.  Qu,  J,  2,  66),  this  salt  acquires  a 
bright  blue  colour  when  dried  over  oil  of  vitriol. 

Muspratt. 

3CaO 120       ....       40-40         40*55 

38e02 168       ...       56*56        5603 

HO    9       ....         304         3-42     ...     318 

3(CuO,  SeO*)  +  Aq 297       ....     10000        ~..       100-00  % 

K  CupRic  SELENiATE.^Crystals  isomorphous  with  those  of  the 
anlphate.  (Mitscherlich.) 

Copper  and  Iodine. 

A.  DiNioDiDE  OP  Copper,  or  Cuprous  Iodide. — 1.  Formed  by 
heating  finely  divided  copper  with  iodine. — 2.  By  precipitating  a  solu- 
tion of  dichloride  of  copper  in  hydrochloric  acid  with  iodide  of  potassium. 
(Sarphati.)     If  the   hydrochloric  acid   is   in  too  great  excess,   a  small 

Eortion  of  iodide  of  copper  remains  dissolved  in  it ;  and  if  the  quantity  of 
ydrochloric  acid  is  too  small,  dichloride  of  copper  may  be  precipitated 
together  with  the  iodide.  (Buchner,  Repert.  78,  8.) — 3.  By  precipitating 
a  dissolved  cupric  salt  with  iodide  of  potassium,  half  of  the  iodine  being 

2(CaO,  SO*)  +  2KI  =  2(KO,  80»)  +  Cu»I  +  I. 

The  precipitate  must  be  washed  with  alcohol,  to  free  it  from  adhering 
iodine.  (Berthemot.)  By  precipitating  a  solution  of  cupric  sulphate  in  a 
safiicient  quantity  of  aqueous  sulphurous  acid,  with  iodide  of  potassium. 
(Duflos,  Ann.  Fharm.  89,  253.) 

2(CuO,  S03)  +  KT  +  S02  =  KO,  3SO»  +  Cu'I. 

5.  By  precipitating  the  aqueous  solution  of  1  At.  cupric  sulphate,  an^  at 
least  1  At.  ferrous  sulphate,  with  iodide  of  potassium.  (Soubeiran, 
J.  Pharm.  13,  427.) 

2(CuO,S03)  +  2(FeO,SO»)  +  KI  =  KO,SO»  +  Fe!^0',3SO»  +  Cu3I. 

Aoeordine  to  Soubeiran,  iodide  of  copper  obtaine<l  by  precipitation 
and  dried  at  40"",  contains  4  per  cent,  of  water,  so  that  its  formula  is 
Ca"I  +  Aq.,  or  Cu'0,HI.  —  6.  Becqucrel,  by  the  electrolytic  process, 
(1,401)  obtained  iodide  of  copper  in  octohedrons. 

Iodide  of  copper  obtained  by  precipitation  is  a  brownish- white  powder. 
When  heated,  it  gives  off  4  per  cent,  of  water,  and  at  a  red  heat  fuses 
into  a  brown  mass,  which  yields  a  green  powder.  (Soubeiran. )     It  is  bat 
VOL.  v.  ^  'B 


lMpnfe«Uv   tlMonpOMil   by  ignition    in  «  atmn    oT   kp 
{H.  Roae.'/'o^.  4,  110.)     Wbcn  ipiit«<l  iritli  peroxide  of  U 
w  RsolvGfl  inUi  iodiae  vspuur  and  cuprio  oxide.    (Soubeirs    . 
nilric  acid,  it  rielda  vw^tour  of  iodine,  nitric  oxide  kab,  and  cQpnc  nj 
Mid  with  oil  nf  vitri"),  it  yields  iodine  Tapoar,  «ulpliuroas  acid  g 
cupric  inlphslo.  (Soube^ran.) 

C«T  +  iSO'  =  8<CnO.SO')  +  I  +  2SO». 

Iodide  of  eoppet  hailed  b  waWr,  wilb  line,  tin,  or  iron,  yieldi  l 
ooppor  and  a  uiiwilvcil  iodide  of  the  other  metal.  (Bprlhemot,  J.  i 
14.  614.)  Aqueous  lixod  alkalis  fonn  metallic  iodidiis  and  wpaiMi 
dioxidi;  of  copptTi  a  similar  nra«tion  ia  prodoced  lij  carbunnu;  of  potul 
or  mdii,  rarbunic  atrid  Iwing  likewise  evolved.  No  dcconipoeiliun  la  pre- 
du<^  bv  orbooate  of  bar^a,  strooUa,  or  lime,  or  hy  al timing.  (Berthemot, 
«imp.  II.  X5D.) 


B.  loDATE  or  CupHiD  OxiDK,  or  Crrnic  Iodate. — Jodie  add  and 
iodalc  of  aoda,  mixed  with  blue  ritriol  and  left  over  nigbt,  form  a  irhite 
precipitate.  (PleiwhI.)  lodat«  of  Eoda  prccipitatea  cupric  salts  ooly 
wbon  iiigbly  cone^ntratMl;  it  tlaeo  forma  a  blubn-green  precipitate.  Tat 
salt  ie  bet  prepared  hy  diHolving  bydrated  cupric  oxide  iu  dilate  Jodie 
acid.  At  200%  it  loeos  707  per  cent,  of  water;  when  more  strooglj 
bested  )u  a  retort,  it  givea  off  oxvgen  gas  and  iodine  Taponr,  and  Imtm 
cupric  oxide  frc«  frum  iutlioe.  It  di««olves  in  bydrocbloric  acid,  witb 
OTolution  of  cbloriue;  and  on  tbe  addition  of  unnionia,  iodide  of  oitragai 
b  precipitated.  It  dissolrea  in  302  part«  of  water  at  15%  iu  IM  pan 
boiling  water,  and  easily  in  ammonia,  fcnuing  a  dark  blue  solril 
(Itamtuelsberg,  /"ci^j?.  44,  569.) 

C.  Pkbiodateop  CuPBic  Oxide,  or  Cppric  Pehiodate.-  

periudnlc  of  soda  yields,  with  capric  nitrate,  a  Nflkin-green  precipitate, 
which  diasolvet  in  dilute  nitric  acid,  and  becomes  ycllowieh  when  healed. 
(Benokiwt,  Ann.  Fham.  17,  ^60.) 


CorPEB  AND  Bromimb. 


ipitate, 

healed. 

i 


A.  DiBROMtDE  OF  Copper,  or  Cuprous  Bromide. — Copper  doie  nol 
combine  with  bromine  at  ordinary  temperatures,  bat  on  the  application  of 
heal,  combination  lakes  place  :  —  1.  When  bromine  ia  pl.iced   it  l' 
sealed  end  of  a  ^loss  tnbe,   the   upper  part  of  the  tube  filled  with  II 


copper  w 


,  and  the  ( 


iPI! 


>  dull  redness,  combination  alkca 


place,  attended  with  virid  ineandeacence.  The  protobromide  which  B 
with  the  mass  is  dissolved  out  by  water.  On  dissolviag  the  piodwl  i> 
afiueous  bydrobromic  acid,  any  copper  wliich  may  remain  unoomhined  K 
left  beliina,  and  the  dibromide  may  be  precipitated  from  the  solation  by 
water.  (Liiwig.)  Another  mode  of  preparation  is  to  heat  thiu,  rolled-op 
oopj)or-foil  in  a  flask,  at  the  bottom  of  wnicb  some  bromine  ia  placed,  ana 
when  combination  attended  with  igoitioii  \a  set  up.  to  drop  more  bromiDe 
in,  till  Uie  whole  of  the  copper  disappears.     In  this  maaoer,  dibromida  of 


PHOTOBROMIDE  OF  COPPEH. 

_  r  ta  obtiuned  in  the  fonn  of  a  fused  m&sg.  (Berthemot,  Amt.  Chimn, 
*h)/t.  4i,  3tt5;  »lfiO  J.  Pharm.  IG,  651.)— 2,  By  igniting  protohi'omido 
t  copper.  {Bammelaberg.) 
T^  By  precipitatioD  :  white  powder ;  after  fusion  :  greyish-brown  niMS 
lAwtg);  greenish- brown  mass,  having  a  crystalline  fractnre,  and  tran»- 
uent  when  in  thiD  lauilns.  (Berthemot.)  Fuses  at  a  red  heat,  but  does 
,^0t  TolatHiM  if  heated  iu  cloae  vcasels,  and  with  difficulty  in  an  open 
WMCI-  (Lowig.)  In  a,  close  veaael,  it  may  be  healed  strongly  without 
Iwon position;  but  when  heated  in  tha  air,  it  gives  off  vapunrs  which 
Mtt  a  greeu  colour  to  the  flame  of  alcohol,  and  leaves  a  residue  of 
ne  oxide.  (Bertbemot.)  Dissolves  in  nitric  aeid,  with  evolution  of 
iooxide.  (Lbwig.)  Dissulves  without  decomposition  in  aqueous  hydro- 
^^^  pic  or  hydrochloric  add,  Diseoives  in  ammonia,  but  not  in  water. 
?ot  decomposed  by  boiling  oil  of  vitriol  or  acetic  a«id,  (Berthemot.) 

Berthemot. 


Cu'Br  , 


142-4 


,  lOO'OO 


100-0 


Hydbobhomate  op  Dibromtde  of  Copper,  or  Acid  HynROBitoMATE 
r  CnpRoue  Oxide. — Dibromide  of  copjior  forma  a  colourless  solution 
'itb  concontrated  hydrobromic  acid.  This  solution  yields,  with  greeu 
Uriol,  B  precipitate  of  metallic  copper. 

Cu'B^^3(PeO,SO^  =  2Cii  +  FeBr  + Fe'O'.SSO*. 


cury,  it  throws  down  dibromide 
ide  or  bromide  of  gold,  it  precipi- 
it,  throwing  down  dibromide  of 


rxom  a  solution  of  protobromide  of  mt 
0f  mercury,  and  from  a  solution  of  chlr 
melallio  gold.     Water  decompose 
Jtoppor. 

.  AauEora  CtrpROSo-cTiPHic  Bhomide,  or  Hydrobkomate  op 
Cdproso-cupric  Oxide. — When  an  aqueous  solution  of  protobromide  of 
.OD|n>cr  is  slowly  evaporatedj  it  gives  off  bromine,  and  is  converted  into  a 
dwk  brown  liquid,  which,  on  tlio  addition  of  water,  recovers 
green  colour,  aud  yields  a  precipitate  of  dibromide  of  copper. 

C.  Pbotouuomide  of  Copper,  or  Ccpric  Bromide. — Formed  by 
rvapomting  the  solution  of  enpric  oxide  in  aqueous  liydrobromio  aoia, 
nd  fusing  the  residue  at  a  gcutle  heat.  (Lowig.)  The  rBsldue  is  iron- 
tlttck,  like  plumbago.  (Berthemot.)  If  the  solution  be  left  to  evaporate 
Ja  vacuo  over  oil  of  vitriol,  anhydrous  shining  orystala  are  obtained, 
nMmbling  iodine  iu  appeatance.  (Raianielsberg,  Pon//.  55,  246.)_ — 
Aocoidiug  to  Berthemot,  protobromide  of  copper  gives  oil  half  its  bronujia 
9tpa  below  a  red  heat;  according  to  Bammelaberg,  it  gives  off  36-6  per 
'  I,  and  leaves  dibromide  of  copper. 


Ift/dralfd  Protobi-amide  of  Copper,  or  ffydrobromatf  of  Cupric  Oxide. 
"—The  emerald-green  solution  of  cupric  bromide  in  water,  or  of  cuprio 
oxide  in  aqueous  hydrobromio  acid,  or  of  copper  in  a  miilure_ of  hydro- 
bromic and  nitric  acids,  becomes  brown  on  evaporation,  aud  ^wUaiv^ 

1V% 


DICHLORIDK   OF  COPPER. 


Copper  and  Cblorinz. 


..  DlcntoRiDE  OF  Copper,  or  Citprods  Chloride. — Boyle's  Set^ 
^^ri. — 1.  Copper  filings  aud  copper  foil  introduced  into  chlorine  gas  at 
t^iDiiry  temperiLturea,  bum  with  a  red  tight,  atid  form  dichloride  and 
*otocbloride  of  copper.  {J.  Davy,  Sc/tto.  10,  312.)  Copper  reduced  from 
^e  carbonate  by  hydrogen  gOiS,  bums  in  chloriue  at  ordinary  tempera- 
ans  with  a  white  name.  (Osann.} — 2.  Copper  heated  with  protochloride 
f  mercuiy,  yields  vapour  of  mercury  and  dichloride  of  copper.  (Boyle.) 
%t  deco  III  position  lakes  place  most  readily  with  1  pt.  copper  to  2  pts. 
prroHtve  BubJiniate.  (J.  Davy. J-  More  exactly,  64  pts.  (2  At  j  copper  and 
36  pts.  (1  At.)  corroeive  aubiimate, — 3.  A  plate  of  copper  immersed  in 
lydruchloric  acid  in  a  Uask  containing  air,  becomes  covered  with  while 
letrahedrons  of  dichloride  of  copper.  ■(Pronst.) — i.  The  compound  may 
ijso  be  formed  by  agitating  copper-filings  with  a  solution  of  the  proto- 
Jiloride  in  a  close  vessel  (ProustJ  : 


9>  By  precipitating  the  sulphate,  bydrnchlorate,  nitrate  or  acetate  of 
Mpnc  oxide,  with  aqueous  protochloride  of  tin,  or  by  treating  the  hydrate 
pr  carbonate  of  oupric  oxide  with  protochloride  of  tin  dissolved  in  hydro- 
ebloricacid.  (Proust): 

aCaCl  +  SoCl  =  Cn'Cl  +  SoCl", 

0.  By  treating  aijneous  protochloride  trf  copper  with  phosphorus,  ether, 
sigar,  &c. — 7.  By  beating  the  protochloride  in  a  retort  for  u  considerable 
"iiine;  digesting  the  residue  with  water  for  several  days  with  the  retort 
doaed,  to  dissolve  out  the  uudeconiposed  protochloride;  and  jKiuring  off 
^Ihe  resulting  solution;  the  residue  conaiets  of  dichluride.  (Proust.J— 8.  By 
•gitAting  pulverized  dioxide  of  copper  with  hydrochloric  acid  in  a  close 
^eawl.  (Prouat,  Chcnevix.) 

When  obtained  by  precipitation,  it  presents  the  form  of  a  white 
ityBtolline  powder,  which  .v;quires  a.  dingy  violet  and  blackish-blue  tint 
^  exposure  to  sunlight.  (Proust.)  Crystallines  from  its  solution  in  hot, 
flosoentrated,  hydrochloric  acid  in  wbite  tetrahedrons  (Proust),  which 
^m  bluish  when  exposed  to  light.  (Miischerlich,  J.  pr.  Cliem.  19,  449.) 
According  to  J.  Davy,  it  separHlcs  in  olive-green  prisms.  Fuses  soine- 
vfaftt  below  a  red  heat,  and  when  slovrly  cooled,  solidifies  in  a  triinalu- 
Mnt,  light  yellow  mass  Cgreyisli- white;  Proust);  the  residue  obtained  by 

f^id  cooling  is  of  a  dark  brown  colour,  and  confused  texture.  (J.  Davy.) 
peciSo  gravity  of  tlio  melted  niaa«=3'677-  (Karsten.)     (As,  liDwcicr,  it 

■■>  obMiniHi  b]r  fusion  at  the  girolochloride,   it  mny  perbipe  h.ive  oaiiUiaed  loinc  or 

twt  oompouiiJ  i  Cm.)  In  close  vessels  it  dues  not  volatilize,  even  when 
i^nty  strongly  heated,  but  if  heated  in  tlie  air,  it  goes  off  in  white  vaponn. 
<J.  Davy.)  ^  ^^ 
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Wken  heated  to  redneu  in  a  stream  of  hydrogen,  it  U  converted 
m«t»l  Kiiil  hydrocbloric  Mid  gu;  in  au  KtntMpbeTe  of  ' 
hydrocen,  it  yields  one-sixth  pLoapliiile  of  coiiper  &ad  hy> 
gu.  (H.  Ho«e,  Po^.  4,  110;  6,  2I>5-)  With  iron-filioj^  undpr  watsr,  i»  I 
yiclda  metallic  copper  and  sotnbleprolochlorideof  iron.  (Praast.)  Femoi 
mlphate  added  to  the  solution  of  dicUloride  of  i:opp>>r  in  hyilmobloric 
Mid,  throws  down  mctnllic  copper.  (Pn>u8t.) — Dichforide  of  rojiper  tttiw 
yellow  nhon  boiled  with  water;  bnt  the  decomposition  is  not  cx>n)plet«^ 
(Pronst.')  With  fused  hydrate  of  )>otash,  ot  the  aqucons  solnLion  of 
potash,  it  yields  dinxide  of  copper  and  chloride  of  potassium.  (Proest.)— 
When  exposed  to  the  air  in  the  diy  slate,  it  sluwly  altracta  moistare  nui 
turns  green;  in  tbe  moirt  stale,  it  is  quickly  converted  into  a  green  tata. 
(Proust.)  With  nitric  aciil.  it  forme  first  a  violet,  and  then  b  blue  eola- 
tion, the  setion  being  attended  with  great  rise  of  temperature  and  violeBt 
evolution  uf  nitric  oxido.  (Proust.)  A  mixture  of  dichloride  of  copper 
and  oil  of  vitriol  assumes  a  faint  violet  colour  when  corercd  with  a  thin 
layer  of  fuming  nitric  acid.  (Gm.)  Th«  hydrochloric  acid  solalion  of 
diohloride  of  copper  imparls  a  blue  colour  to  molybdic  acid,  ilerolorins 
recently  precipitated  Prussian  blue,  tlirows  down  calomel  from  a  solution 
of  cerrosive  sublimate,  and  metallic  gold  from  a  solation  of  ^Id. 
(Pronit.) — Dioblorlde  of  copper  does  not  dissolve  in  water,  or  io  dilute 
lulpburio  aoidj  but  dissoli-ee  wiibont  colour  in  strong  by drucfaloric  acid, 

queous  ammonia,  and  in  solution  of  common  salt. 

Aqueoui  Uydraddorale  of  C'vprout  Chloride,  tti  And  Hydrcehlorate  ^ 

trout  Oxide, — Formed  by  dissolving  dichloride  of  copper  in  strong 
'drochlorio  acid;  or  by  agitating  the  acid  in  a  close  vessel  with  dloiide 
f  copper,  or  with  a  mixture  of  the  protoxide  and  excess  of  metallic 
copper;  or  by  agitating  copper-filings  with  a  solution  of  the  protochloride 
strongly  supersaturated  with  hydrochloric  acid;  or  by  mixing  the  siune 
solution  with  ether  and  exposing  it  to  the  sun's  rays, — The  oolonrlea 
linnid  prepared  hot,  deposits  crystsUs  of  dichloriile  of  copper  on  eooling. 
The  solution,  when  mixed  with  a  considerable  quantity  of  water,  deposits 
the  greater  part  of  the  dichloride  in  the  form  of  a  white  pnwdor,  (Prouat, 
SrArr.  J.  S,  4»0,-  also  A.  Gehl.  6,  573.)  SmiiU  quautltiee  of  Mnmoni* 
added  to  the  solution,  produce  transparent  cubes  of  dicbloride  of  c<^pet 
and  ammonium,  nbiub  dissolve  in  n  larger  quantity  of  ammonia,  forming 
a  colonrless  liquid  which  turns  blue  on  exposure  to  the  sir.  P^untini 
nitric  acid  imparts  to  the  solution,  a  dark  greenish -brown  colour,  whicE 
afterwards  changes  to  yellow,  with  evolution  of  nitrous  gas.  (Om.) 

B.  Orpmc  Oxide  tvith  CrpBons  Chlorire, — Cn'CI,2CnO. — Tht 

residue  obtained  by  heating  cupric  oxychloride  (CuCO,  SCuO),  Praashl^H 

C.  Aquboub   Cdfroso-cufric   Chloride,  or  Hvdbocsloratb  I^H 
CrPRoao-cEFRic  Oxidb. — Found    liy  exposing  the  solution  of  cupiMH 
oxide  in   excess  of  hydrochlorie  acid  to  the  air;    by  mixing  the  ant 
eolation  with  a  solution  of  protochloride  of  copper;   or  by  ablating  the 
latter  with   a   small   quantity   of    copper-filings. — Dark  brown  bquid. 
(Proust.) 

D.  PuoTocHLORiDE  OP  CoppEH,  or  Cupric  Chloride. — I.  Formed  Ij 
the  combustion  of  copper  in  chlorine  gas. — 2.  Dichloride  of  copper  ii 
inersed  in  chlorine  gas  is  slowly  converted  into  the  protochloride.' 
3.  By  heating  the  mono-hydrochloiate  of  cupric  oxide  somewhat  abo 
200'. 


Prepared  l)T(l)it  forms  a  brown  eublimato,  by  (3),  a  brownUh-yellov 
powder.  Fuaiolo.  Haa  a  caustic  metallio  taste.  At  u  red  heat,  it  g' 
off  half  ise  chlorine,  aail  is  coavorted  into  the  dicliloride.  Heiiled  J 
cnrreDt  of  phuapburelted  hydroeco,  it  yields  liyjrucblorjc  add  ga^  and 
triphoephjde  of  copper.  Fused  with  phosphorus,  it  forms  chloride  of 
pliofli>honu  and  phoaphide  of  topper.  (H.  Rose,  Poffg.  27,  117.) — Not 
decomposed   by    Einbydroas  sulphuric   acid   at    ordinary  temperatures. 

BB.  Rose,  fo^;?.  38,  121.)— Oil  of  ritriol  does  not  decompose  it  at 
^^*dinary  temperatures,  but  completely  wlion  heated,  hydrochloric  acid 
%eiag  evolved.  (A.  Vogel.) — Fmm  the  aqueous  solution,  phosphorus 
ttiOWH  down  diohloride  of  copper,  auil  forms  phosphoric  acid  (Booek); 
tbe  same  precipitale  is  likewise  produced  by  m.ercury,  with  formation  of 
diohloride  of  mercury;  by  silver,  with  formation  of  chloride  of  silver, 
hiutk  at  firat  but  afterwards  white  (Wetzlar,  ScAw.  52,  475);  and  by 
protocbloride  of  tin,  with  funuation  of  bichloride  of  tin.  Dicblorido  of 
«opp«r  is  also  precipitated  on  boiling  the  aqueous  solution  with  sugar, 
Uid  partly  remains  disaolvcd  in  the  hydrochloric  acid,  produced  by 
Vkt  reaction  (A.  Vogel);  a  eolutioo  of  protoahioride  of  copper  mixed 
with  ether  and  esposnl  to  the  sun's  rsys  loses  its  colonr,  and  on  the 
addition  of  water  yields  a  precipitate  of  tno  dichloride.  (Gehleo,  A.  GeU. 
8,  570.)  Heated  in  a  current  of  oleSant  gas,  protochtoride  of  copper 
yields  a  mixture  of  copper  and  dichloride  of  copper.  (Wohler.) 

The  TcactioQ  RJU  be  more  fully  described  under  Ihe  bead  of  OteflanI  gat. 


PSOTOCHLOSIDE  OF  COPPER. 
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Hydraied  Frolochtoride  of  Copper,  or  Mono-ht/drvehlorale  of  Ovprie 
Oxide. — I.  Protocldoride  of  oopper,  when  exposed  to  the  air,  turns  green, 
tad  finally  detiqueeces  to  a  green  liquid. — 2.  The  same  compound  is 
fermed  when  copper  immersed  in  hydrochloric  acid  is  exposed  to  the  air 
for  a  considerable  time.  Tlie  dichloride  of  copper  and  quadrobasic  hydrcK 
chlorate  formed  at  first,  are  conTerted,  by  longer  action  of  the  air  and  of 
Jiydrnchloric  ncid,  into  a  green  solution  of  protochloride  of  copper, — 
8.  By  dissolving  copper  in  aqua-regia. — 1.  By  dissolvJDg  cuprie  oxido  or 
carbonate  in  hydrocbloric  acid.  The  solution  of  cupric  oxide  in  concen- 
'trated  hydrochloric  acid  is  attended  with  great  development  of  heat.  The 
«mcrald-green  solution,  when  evaporat«d  and  cooled,  yields  green,  right- 
angled  four-sided  prisms.  These  crystals  fuse  when  gently  heated,  giving 
off  water,  and  being  converted  into  anhydrous  protoohloride  of  copper, 
n^ust.)  At  loo-',  they  turn  brown,  and  give  off  the  greater  part  of 
uieir  water,  but  they  do  not  part  with  tlie  whole,  which  amounts  to  21*53 
percent.,  till  they  are  raised  to  a  much  higher  teniporiiture.  (Graham, 
a^nn,  Pharm.  20,  31.)  Cold  oil  of  vitriol  likewise  abstracts  water  from 
them,  and  converts  them  into  the  brown  anhydrous  protochlorido,  which 
it  does  not  dissolve  or  decompose.  (A.  Vogel.)  The  crystals  delii^nesoa 
in  tlie  air. 
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The  solution  of  protockloride  of  copper  in  a  omall  quantity  of 
'    ■  I  large  quantity  turns  it  pale  blue.     The  o 


I 


is  omerald-green,  but  i       ^     ,  , 

trated  aolution  as«uincs  a  yellow  colour  on  the  addition  of  strong  hydro- 
chloric acid.      With   oil  of  vitriol  it  solidifies  into  b.  hrovn  mass.     Chi- 
raaters  tniccd  on  paper  with  the  solution  tnrn  j-ellow  when  licvitcd. 
Protochloride  of  copper  is  likewise  soluble  in  al(^ohol  and  ether. 


E.  Ctrl 


OxTcnLORiDE. — a.  CuCI,2CuO. — An  nqueous  solution  of 
■upper  18  precipitated  with  a  quantity  of  jiotaah  not 


protochli 

sufficient  to  decompose  the  whole  of  it, 

which  is  the  hydrated  conipoi 

till  the  water  ia  driven  off,  whereby  it  i 

and  then  iuto  a.  black  powder.  (Kane,  Ji 


converted,  first  into  a  browii 
rj.  Chim.  Fhyi.  Ti,  277.)     ^^k 


Kane. 

6il3 

63-78 

24-01 

10-86 

10-/7 

CuCl,2CuO    , 


«.  Mofto-hffdraUd. —  CuCl,2CuO  + Aq, —  Remains  in  the  fonn  of  i 
chocolate 'Coloured  powder,  when  the  ter-hydrated  compound  3  is  k^t 
for  some  time  at  a  temperature  of  138°.— y9.  Ttr-kydTatrd. — CuCl,2CuO+ 
3Aq, — The  anhydrous  compound,  when  moistened  with  water,  beconei 
very  hot,  and  assumes  a  fine  green  colour,  brighter  than  Brunswick-grwii. 
— The  ter-hydrated  compound  heated  to  138^,  gives  off  11-08  per  cent  of 
water,  and  id  converted  into  a,  and  at  260%  it  gives  IC  83  p.  c,  and  ii 
converted  into  the  anhydrona  compound. — y.  Telra-kj/draUd. — The  pale 
green  precipitate  above  mentioned.  Of  a  paler  colour  than  Brunswick- 
green.  Gives  off  2I'.')1  per  cent,  of  water  on  ignition,  and  if  after- 
wards moistened  and  dried  at  38°,  again  takes  up  16-76  per  cent. 
(Kane.) 

AC.  a.  Ksnc 

CuCl,2CuO      .     1     ...     U7-4      ....      94-24        93-aS  ;^H 

IIO        1      ..         y-0  S'7e  6-4&        -^M 


h.  CuCI,  3CuO, — Obtained  by  gently  heating  the  hydrated  compotuid. 
Brown.  Gives  off  oxygen  at  a  red  heat,  and  is  converted  into  a  oom- 
pouod  of  protoxide  and  dicbloride  of  copper.  (Proust.) 


1 

■UaTl 


.  CoCl,  4CaO. — Rera&ina  in  the  hydrnted  etato,  luid  in  tbe  fnnn  of  s 
green  powder,  whcu  NH'.CiiCl  is  treated  with  water.  Wben  bmled,  [1 
givea  off  ite  wator,  and  becumes  cbocclate-broM-a,  and  if  afiervruil* 
exposed  to  the  air,  legaiiu  »  portion  of  tbo  vrster  whirh  it  bM  kst. 
(Km«.) 

jfkAyitrmu.  Hydralid. 

...„     160-0    .,„     70-3e  6Ca 1600     ....  USfi     ....    MSI 

3SM     ....     IiS7  CI   354      ...  12-oa 

3i-0     ....     U-t»  40  aiO     ....  11-37 

6HO   5«-0      ...  19-19     ._.    I9M 

CnaMCnO        2!7-t     ..     100-00  +6Aq 281-4  100-00 

F.  Hvn>ciiLOMiTE  OF  CcpRic  Oxidb,  or  Ccpric  Htpochlorite.— 
Thia  salt  cnunot  be  obtained  by  precipitating  blue  vitriol  with  hv^- 
cblorito  uf  lime,  ioaaniuch  us  a  reuctjon  i«  thereby  produced  similar  to 
that  with  line  (p.  31).  — It  is  fornti>d  by  dissolving  cnpric  oxide  ia 
aqueona  by]ioeblorou8  acid.  The  solution,  when  distilled,  gives  off  hypo- 
chloroiiB  aci<]  and  probably  hIbo  free  oxygen,  and  Wves  a  fine  green  oiy- 
chloride,  which,  when  treated  with  excess  of  cuprJc  oxide,  gives  off  oiygen 
and  cbloriDe,  and  ia  converted  into  an  ineoluble  oxycblonde.  (Balanl.) — 
Cupric  oxide  disHolves  readily  in  chlorine  water  (Cbenevii);  the  salnrated 
Huliition  contains  an  equal  number  of  atoms  of  cupric  oxide  and  cblotin 
[CuCl+CuO,C101,  and  deeolurizee  indigo  after  fiaif  an  hour's  bgil'  ^ 
when  distilled,  it  leaves  hypochlorous  acid.  (Balard.) 

G.  Chlorate  op  Cupric  Oxide,  or  Citric  Culoritb; — Aqoi 
chloric  acid  readily  dissolves  cnpric  oxide,  forming  a.  groemsu-l 
sointion,  which  yields  green  crjrstals  having  a  slightly  acid  react 
tbey  produce  a  green  flame  wben  thrown  on  glowing  cools,  and  dehqiicaco 
in  the  air.  (Vanqueliu.) — K  According  to  Wachter  {Ann.  PAarm. 
52,  233),  chlomte  of  cuprio  oxide  is  composed  of  CuO,  C10'+  6  Aq.,  an>l 
crystallines  in  octohedrona,  which  are  deliquescent  and  soluble  in  alcobol. 
At  lUO^it  is  decomposed,  giving  ofl"  a.  few  gas-bubbles,  and  leaving  a  green 
substance  which  suffers  further  decomposition  at  260',  and  is  insoluble  in 
water,  but  soluble  in  acids.  This  substance  appears  to  be  a  basic  cblo- 
rate,  inumuch  as  its  sointion  in  uitrio  acid  gives  no  precipitat«  with  ■ 
ailrer-salt  IT. 

H.  Pbrchlorate  of  Cupbic  Oxide,  or  Ccphic  Pebchlobati_ 
The  solution  of  cupria  oxide  tn  aqueous  perchloric  acid,  evaporated  in  B 

hot-air  chamber,  yields   largo,  blue,   deliquescent  crystals   which  n  ' 
litmns.     Paper  saturated  with  the  solution  and  then  dried,  deflas 
when  thrown  on  red-hot  coals,  producing  vivid  sparkling,  a  blue  i 
and  a  green  flame.     Soluble  in  alcohol.    (Scrullas,  Ann.   Chim.  Pfm 
4fl,  306.) 

Copper  and  Fluobimb. 

A.  DiPLroniDE  of  Copper,  or  Cupboits  Fluoride.  —  Hyi 
ciiprons  oxide  treated  with  excess  of  aqueous  hydrofluoric  acid,  la  i 
diatcly  converted  into  red  cuprous  Snoride,  wliicb  must  be  collected  on  a 
fitter,  quickly  washed  with  alcohol,  and  then  pressed  and  dried. — Red; 
fuaes  wlien  heated,  api>eariDg  black  while  in  the  liquid  elate,  but  resumli 
its  scarlet  colour  on  cooling. — In  th«  dry  state,  it  is  permanent  in  the  -' 


k 


'^ 


COPP£H  AND  FLUOniNE, 


i>Dt  when  moist,  it  iu  converted  first  into  a  yellon'  mixture  of  cupric 
fluoride  and  hydrated  ouproua  oxido: 


and  afterwards  ii 


2Cn-F  +  0  =  2CuF  +  Cu'0, 
1  grooQ  cuprio  oxyfluoride: 

2CuP  +  Cu'O  +  0  =  2(CiiF  +  CuO). 


Iiuolable  both  in  wuter  and  in  excosa  of  hydrofluoria  acid,  bnt  solnble  in 
itrong  hydrochloric  acid.  In  the  latter  it  forms  a  black  imlution,  from 
which  it  is  precipitated  hy  water  in  the  form  of  a.  powder,  which  ig  white 
M  first  but  afterwards  becumea  rose- coloured.  (Bcriielius,  Poffij.  1,  28.) 

B,  Pbotopluohidb  op  Coppeb,  and    Monobasio  Hyoropluate  or 

CtFPRIc  OxiDB Formed   by  dissolvlog  c;upric  oxide  or  it«  ou,rbonate  in 

u  of  aqueous  hydrofluorio  acid  (melallio  copper  is  not  sensibly  dls- 
•oWed  by  the  acid)  arid  evapomting  the  resulting  bluo  solution.  As  the 
•xoeas  of  acid  ^^b  off,  smnll,  light  blue  oryataU  separate  froui  the  liquid, 
fScheele;  Gay-Lnssac  &  Th^nard;  Derselius.)  If  the  quantity  of  cuprio 
OKrbonate  is  salticieut  to  neutraliie  tbe  greater  part  of  the  acid,  the 
flomponnd  separates  out  during  the  digestion;  with  a  still  larger  quantity 
•[carbonate,  the  basic  compound  C  ia  formed.  (BerieliuH.)  The  crystals, 
which  are  but  s{)aringly  soluble  in  cold  water,  are  decomposed  by  hut 
water,  yielding  an  acid  solution  and  tlie  insoluble  baaio  compound  C.  The 
orystals  heated  with  oil  of  vitriol,  yield  IIR  per  cent,  of  cupric  sulphate, 
id,  when  ignited  with  excess  of  lead-uxido,  give  off  26'3  per  cent,  of 
at«r.  (Bertelius.) — Protoflooride  of  copper  combines  with  the  fluorides 
«f  the  alkali-metAls,  forming  black  compounds.  (Berielina;  comp.  Unver- 
dwben,  N.  Tr.  Q,  1,  34.) 

Crytlalliied.  BerMlins. 


F   

aHO 

.      18-7      . 
lS-0 

a7-22 

26-20 

a6'3 

C1J.2H0. 

100-00 

58-23        ... 

28'S7 

1310 

"*»-..?.: 

.      <0-0      . 

-       19-7      . 

9-0 

BenaUol, 

mt'iz 

^ :::::: 

CiiO,HP  + 

Aq 

c8-r 

inu'ou 

C,  HyriKATED  CcpBrc  Oxyflcobidh,  or  Bibxbio  Hydroplcate  op 
COPBIC  Oxide. — 1.  Formed  by  digesting  aqueous  hydrofluoric  acid  with 
excess  of  cupric  carbonate. — 2,  By  decomposing  B  witb  boiling  water. — 
Pale  green  powder  insoluble  in  water.   (Berzelius.) 


i^i 


D'85 


Uu.                  Or: 

2CoO 

80-0    . 

.    BO-2* 

HF. 

197     . 

-     19-76 

e«V.C«04-Aq 9U-7     -...10000  tl9'7     ....100-00 

D.  Bohoplitohihk  op  Copper.  —  CuF,BF\  —  By  precipitating  tlio 
baryta-salt  with  blue  vitriol.  The  filtrate,  when  evaporated  to  tho  con- 
eisteuoe  of  a  syrup,  solidifies  on  cooling,  and  fonnaa  blue  luus  of  needlu 
which  quiekly  become  moist  on  exposure  to  th«  air.  (Beriellus.) 


Copper  and  Ntraoosit, 

A.  NiTRiDB  OF  Copper. — a.  With  wry  ffr«at  exoett  of  Cop^ 
Copper  wire  ignited  in  a  porcelain  tub«  throag'h  whicli  «  stream  o(  aj 
niaoal  gas  is  p&eeed,  neither  increases  nor  (limiDishes  in  weif '  ~ 
becomes  Tery  brittle  and  yellow  or  yellowiftb-wljite.  (Tb^na 
inereseee  front  y^  to  7^3  in  iilisolute  weight,  aad  its  denaity  ilecra 
the  former  case  to  S-86(J,  in  the  ktter  to  T-T92.  Wben  tbe  brittle  < 
Uiui  obtained  is  fased  in  s  retort,  it  gives  off  no  gaa,  but  a  yelloj 
brown  siibatnnce  makes  ita  appearance  between  it  and  the  retort.  (" 
Ann.  Chim.  Vhyi.  Zl,  326.)— The  specific  (,-nivity  of  the  copper  si 
&'5;  and  the  nielal  becomes  more  laminar  and  more  poroiia,  acij 
crystalline  aspect,  and  assumes  -various  tints  of  grey,  yellow,  greenisli, 
orftnge,  rose-red  or  parple-red.  Nevertheless  it  contains  hot  little  foreija 
matter;  hut  it  probably  takes  up,  during  the  process,  ii  large  quantity  of 
nitrogen,  which  it  afterwards  gives  off,  so  that  the  particles  of  the  capper 
are  left  with  considerable  intervale  lietween  them.  (DespretK,  Jnn.  VkitK 
Phy*.  42,  1*23.) — When  dry  ammoniacal  gas  is  passed  over  red-hut  oopper 
wire,  and  then  through  water  to  absorb  that  which  remains  undccomposM, 
tbe  remaining  gaseous  mixture  is  found  to  contain  in  100  piu-c?,  n«t 
15  vol.  hydrogen  and  25  vol.  nitrogen,  as  should  be  produced  by  tli« 
decomposition  of  ammoniacal  gas,  but  fl6  vol.  hydrogen  to  14  vol 
nitrogen;  consequently  part  of  th«  nitrogen  must  have  been  taken  up  \rj 
the  copper.  (Pfaff.  yo^j/.  42, 164.)— When  dry  ammoniacal  gas  is  pused 
over  finely  divided  copper  (reduced  from  tbe  protoxide  by  hydrogen  tX 
the  lowest  temperature  possible)  heated  just  to  the  point  at  w£icb  decom- 
position tnkes  place,  the  resulting  gaseous  mixture  contains  14'I  pts. 
nitrogen  to  3  pts.  hydrogen  (no  deficiency  of  nitrogen,  therefore,  but 
mtber  an  excess,  amounting  to  O'l  pt.  and  probatjly  arising  from  admixed 
air).  Copper  fused  in  ammoniocal  gas  retains  its  properties  even  for  a 
conBiderable  time.  (Schrotter,  Ann.  Phana.  37,  131;  eomp.  Kastner, 
Katln.  Arch.  12,  455.) 

6.  SometeAat  richer  in  Nitrogen  i — By  a  process  similar  to  that  adopted 
in  the  preparation  of  nitride  of  xinc  (p.  33),  the  sal-ammoniac  being  kept 
constantly  in  excess  to  prevent  tbe  deposition  of  metallic  copper — a  blue 
colour  is  produced  in  the  llijnid,  and  nitride  of  copper  eolIecLi  at  the 
negative  pole  in  the  fonn  of  a  chocolate-colonred  aggregation,  which,  wheD 
washed  and  dried,  exhibits  a  density  of  JO.  Ten  groins  of  this  snl'stana 
give  off  0  214  cub.  in.  nitrogen  gas  when  heated,  and  leave  a  residue  of 
red  melullic  copper.  (Grove,  Pkit.  Hag.  J.  19,  100;  also  Pogp.  54,  101.) 

c.  Cn'N. — -When  protoxide  of  copper  (oblained  by  precipitating  Um 
vitriol  at  a  boiling  heat  with  caustic  potash)  is  heuteii  to  250''  in  a  gl«si 
tube  immersed  in  a  bath  of  linseed  oil,  and  subjected  to  the  action  of  dry 
animoniacal  gas,  it  la  converted  into  a  green  powder,  with  rise  of  tem- 
perature, evolution  of  nitrogen  gas,  nnd  formation  of  water.  At  too  liigb 
a  temperature,  metallic  copper  le  obtained  instead  of  the  green  powder. 
Cupric  oxide  obtained  by  igniting  the  nitrate,  requires  a  high  temperstnre 
to  convert  it  into  nitride,  and  tbe  product  is  mixed  with  a  coasiderwble 
quautity  of  nn decomposed  oxide.  If  the  hydrate  or  carbonate  of  capric 
oxide  be  used,  the  heat  at  lirst  must  not  exceed  130^,  but  irhen  the 
formation  of  water  ceases,  it  may  be  raised  to  the  boiling  point  of  linseed 
oil.     If  the  temperature  bo  raised  at  once  to  250°,  the  heat  developed  ^^_ 

ithe  action  of  the  ammonia  increases  it  to  such  a  point,  that  the  nitM^I 
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and  protmdile  of  copper  are  converted  into  a  mixture  of  meUltic  copper 

and  dioxide,  wiih  evolution  of  water,  nitrogen  gaa,  and  nitric  oxide. — 

The  stream  of  gas  having  been  kept  up  for  8  hours,  and  no  more  water 

being  formed,  the  green  powder  is  shaken  up,  again  treated  with  ammo- 

— ■ — '  gaa  for  three  hours,  then  again  ishaken  up,  once  more  exposed  to 

□  iacal  gas,  having  meanwhile  been  triturated  in  u  mortar,  &c.     To 

;e  20  grammes  of  nitride  of  copper,  the  passage  of  the  gas  must  be 

ittnned   for    1^0   hours.    (Sobrotter) — To   free  the   resulting   green 

Swder  from  adhering  cuprous  oxide,  it  must  be  repeatedly  digested  with 

mixture  of  caustic  ammonia  and  carbonate  of  ammonia,  and  afterwards 

sabed  and  dried;  the  colour  of  the   powder  then  changes  from  olive- 

peen  to  dark  grey,  (Berielius,  JahrrAer.  21,  88.) 

Soft,  greenish- olai'k  powder  (Schrotter);  dark  grey  (BerEelitu). 


a 

b. 

c 

d. 

90'965 

90-965 

83-<33     , 

.     92-7( 

7041 

6-516 

6-516     . 

7-2! 

O'lU 

NH» 

0'63S 

Cub 

0-6.16 
9'4ia 

iJtfK     ,     30S  100-0      ....     98-n7      ...       98-117      ....     100-000    ....  100-00 

9  Is  tlie  mean  of  sereral  unatyeea;  the  deficiency  must  be  regarded  as 
<Ht^£eij  which  mmained  with  the  nitride  of  copper  in  the  form  of  onpric 
4xiae.  The  hydrogen  was  probahly  in  the  state  of  ammonia,  which 
abenis  to  adhere  to  the  compound  very  tenaciously;  for,  when  the  nitride 
at  copper  is  exposed  to  a  temperature  near  its  decomposing  point,  and 
ekfboiiic  avid  gus  afterwards  jHiseed  over  it,  ammonia  ia  still  evolved  from 
it— 6  ia  therefore  the  analysis  <t  with  the  hydrogen  estimated  as 
ammonia.  (Schrotter.)  If  the  deficiency  (=1-883)  bo  regarded  as 
sxvgen  and  estimated  as  protoxide  of  cop|ier,  wo  get  the  CiiJculation  e; 
and  Snatjy,  If  the  ammonia  and  cupric  oxide  be  disregarded  as  unessential, 
"■-  remainder  gives  the  per-centage  conii>osition  of  pore  nitride  of  copper 
n  d.  (Ora.) 

The  formation  of  the  nitride  of  co|)por  takiis  place  as  shown  in  the 
following  equation: — 

reuO>2NH'  =  Cu-'N  +  OHOfN. 
Henoe,  240  pta.  (6  At.)  of  cupric  oxide  should  yield  200  pts.  (I  At.) 
BJtride  of  copper,  .54  pts.  (6  At.)  water,  and  14  pts,  (1  At.)  nitrogen. 
According  to  llie  meau  of  three  experiments,  240  parts  of  cupric  oxide 
yield  216-65  nitride  of  copper,  370*  water,  and  1204  nitrt.gen  gas. 
I  The  difference  between  these  and  the  tlieoretical  numbers  arises  perhapa 
I  from  part  of  the  cupric  oxide  remaining  nndecomposed.  (Schrotter.) 

Nitride  of  copper  heated  in  the  air  to  about  300",  is  resolved  into 
i  sitrogen  gas  and  metallic  copper,  the  decomposition  being  attended  with 
[  ft  bright  red  glow.  In  oxygen  gas,  the  decomposition  takes  place  at  a 
1  lower  temperature;  in  carbonic  acid  or  nitrogen  gas,  a  temperature  above 
I  800°  is  necessary.  If  the  nitride  of  c<ip)>er  ia  contaminated  with  cnprio 
f  txtde,  the  nitrogen  evolved  ia  mixed  with  nitric  oxide.  Percussion  or 
f  Action  does  not  produce  decomposition,  (Sohriitter.)  The  nitride 
I  purified  by  ammonia,  decompose-^  at  a  lower  temperature  and  with  aligiit 
IXplosion,  whereby  the  greater  part  uf  the  snhstance  is  projected  out  of 
'etube.  (Berteliu?.) — Nitride  of  copper  becomes  heated  in  chlorine- ga>j 


A 
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with  formaUon  of  vn>t«ch]oride  of  i^opper  Mid  «Tolation  of  e 
in  li^tlriK'hloric  ivcitl  g&s,  with  formatjoi)  of  protocbloride  of  ropper  w 
■al-ftminoDiac.  [The  hydrochloric  acid  g»a  may  perhaps  form  dichloride  of 
ooppor:  Cn'N  +  4HCl=3CuH:i  +  ^H'01.]  Nilria  acid  oxidises  nilrid* 
of  copper  with  jrreat  viulenoe;  sulphario  acid  rapidly  libemtee  gitrogw 
gas  from  it,  while  met&llio  copper  remaina  b«hiud.  Other  non-oridirini; 
aeiili  act  in  the  same  inuiner,  but  more  slowly  ia  proportion  as  the^an 
more  dilute.  (ScbrSttor,  Aim.  Phana.  37,  130.)  Dilat«  acids  liha»t« 
■niinoDiA  and  form  cuprous  ealts.  (Bersalius.) 

B.  NrrBiTE  oy  Cupric  Ozidb,  or  Ccpaic  NirnrpE.— By  prMJ|n- 
tat itig  nitrite  of  1ead-<jxide  with  blue  TJtriol,  and  filt«riag,  a  jr^en  liquid 
i«  uhtaiued,  which  osjdites  wlien  exposed  to  the  a,ir,  esped^ly  if  it  be 
healed,  and  ia  converted  into  cupriu  nitrate.  (Berzelius.) 

C.  Nitrate  op  Cdpric  Oxide,  or  Cppric  Nitrate. — a.  Tfrhatie. — 
Vormed  by  heatiuf;  b  to  a  certain  temperature  and  reraoving  the  uodtt- 
eonipoEed  portion  by  wal«r.  (Proust.) — 8.  By  deeompoaing  the  aqneons 
solution  of  k  with  a  email  quantity  of  alkali,  or  of  hydrated  <.-Dpric  uijds 
or  cupric  catbouate,  or  by  boiling  it  with  metallic  copper. — Green 
powder.  Reduced  to  black  oxiile  oy  heat.  In  contact  with  red-hot 
charcoal,  it  gives  off  nitrous  fumes;  oil  of  vitriol  poured  upon  it  liberate* 
uitrio  acid.  When  boiled  with  potash,  it  leaves  hlaok  oxide  of  copper, 
(Proust,)  Sustaine  the  heat  of  iDcltiog  lead  almost  without  deooiu pas! lieu j 
ut  a  higher  tenipemture,  it  gives  off  nitric  acid,  hypuuitric  acid,  oxygm 
gas,  an<l  water.  The  water  may  be  expelled  without  decompouog  tlw 
salt.  (Orahaiii,  Ann.  Pluirvt.  S9,  1  J.) — Insoluble  in  water,  easily  soluble 
in  acids. 

Culck/a/ion,  scconling  to  Graluun.  Bfneliua.            Pnnut< 

SCaO   120      ..„       65-57         CB'O 

NO* hi      ....       23-51         IB'9 

HO 9       ...          tS2  IS'l 

scnd,No*+Aq.,.. 1B3    Z.    100-00      ZZ^.     loo'o 

H  According  to  Gladstone  (Chem.  Soe,  Mem.  3,  480),  the  oompoeittoB  «f 
thiasalt  is  4CuO,NO'+3Aq,  TLe  Game  formula  ia  assigned  to  it  by 
Gerhardt.  Kiihn  (AiiA.  Pharm.  2nd  ser.  50,  383)  has  obtained  the  same 
result  with  the  salt  produced  by  partial  precipltatioo  of  the  neutml  alt 
with  ammouia.  1' 

6.  Moitobaiie. — Formed  by  diasolving  metallic  copper,  onpric  oxide,  or 
ila  hydrate  or  carbonate,  in  nitric  acid.  The  salt  cannot  exist  with  leM 
than  3  atoms  of  water.  Hence,  on  treating  cupric  oxide  with  the  strong- 
est nitric  acid,  and  pouring  off  the  cicesa,  there  remains  a  green  powd«T 
chiefly  eonsiating  of  lerba«io  salt,  and  therefore  iusolable  in  water.  But 
if  the  specific  gravity  of  the  acid  dnea  not  exceed  142,  nothing  hut  the 
normal  salt  is  produced. — The  blue  solution  dejuaits  the  salt  in  bios 
crystals,  which  have  a  caustic  inetallia  taste,  and  cauterize  the  skin. 
When  formed  at  a  uiodemtely  high  temperature,  they  are  (insmaUa  and 
ouDtain  3  atoms  of  water;  but  if  produced  at  very  low  temperatores,  they 
are  tubular,  and  contain  I)  atoms  of  water.  The  latter  efHoresoe  ia 
vacuo  over  oil  of  vitriol,  giving  off  half  their  water.  (GraJiam,  Ann, 
P&arm.  29,  13.)  The  tabular  crystals  fuse  at  38^  giving  off  water 
and  aetd,  and  passing  first  into  salt  «,  and  Bfterwarde  into  black 
oxide,  the  latter  amounting  to  27  per  cent.  (Proust,)     A  tenajpermtore 
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CUPHIC  OXIDE  WITH  AMMONIA, 


^■f  6&'  ifl  snffioient  to   oonreii  tlio  monobaiiio  into   Che  terbasic  aaJt. 

^F  3(CuO,NO  +  3AqO  =  3CuO.NO>  +  Aq.  +  2(NO',4Aq.) 

IThe  crystals  detonate  slightly  on  red-bot  coals,  more  strongly  nitb  pbo«- 
pborus  under  the  hammer.  (Brugnatelli.)  When  the  powder  of  these 
^rjretala  is  wrapped  up  in  tinfoil,  it  fuass  and  is  decomposed,  with  a  riee 
pi  temperature  sometimes  sufficient  to  cause  emission  of  sparks.  (Higgios, 
CreR.  Ckem.  J,  1, 171-)  Paper  saturated  with  the  solution  and  dried,  takes 
fire  moch  lielow  a  red  beat.  When  the  Botution  of  this  salt  is  mixed 
irith  nitrate  of  ammonia  and  evaporated,  decomposition  titkes  place  at  a 
Wrtftin  degree  of  concentration,  attended  with  violent  detonation. — 
PiuolTes  readily  in  water,  and  deliquesces  in  the  airj  likewise  soluble  in 
noderately  strong  nitric  acid;  but,  according  to  Mitscherlicb  (Fogg. 
18,  159),  it  is  precipitated  from  its  concentrated  aqueons  eolution  in  the 
feim  of  a  crystallino  powder,  by  nilric  &cid  of  specific  gravity  I  '522. 
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Calculaiion,  according  It 

Grtham, 

i>J 

■hi/draM. 

10     ....     33-06                CuO 

40 

....     B7-02 

It     ..„     44-63              NO* 

....      S4 

,-..     36-49 

37     ....     22'31               eHO 

54 

....     36-49 

^  +CAq US     .,„  lOO'OO 

W  D.  CcpBOus  OiiDE  wrril  Ammonia. — Formed  by  inclosing  in  a 
■stoppered  vcsael  (1)  copper-filings  with  aqueous  ammonia  and  atmos- 
nt^OTic  air;  (2)  copper- filings  with  the  compound  of  cuprio  osJde  and 
KAmmonia;  (3)  ceproua  oxide  or  hydrated  cupric  oxide  with  aqueous 
I^Jnmunta, — Colourless  liqoid,  which  gradually  turns  blue  on  exposure  to 

■  Ibo  air,  the  colour  proceeding  from  top  to  bottom.  (Bergmann,  Opiac. 

■  a,  389;  Proust.) 

■  E.  Cupntc  Oxihe  wrrn  Ammonia.— Formed  by  exposing  the  preced- 

■  iog  eolution  to  the  air;  or  by  bringing  copper-Slings  in  contact  with 

■  kqaeous  ammonia  and  a  sufficient  quantity  of  air;  or  cuprio  oxide,  either 
Rftnbydrone  or  hydrated,  with  aqueous  atomonJa.     If  all  acids,  eveu  cor- 

■  bonic  acid,  he  excluded,  the  ammonia,  according  to  Ber^eliusi,  appears  to 
■''I^Molve  scarcely  a  trace  of  the  anhydrous  oxide;  but  on  adding  a  drop  of 
y  Ab  solution  of  an  amraoniacal  atdt,  the  oxide  is  abundantly  dissolved, 

(Oomp,  Wittstein,  ReprH.  57,  32.)— Darkanore-bluo  liquid.  PhosTihoraa 
1  MOoloriies  it,  by  forming  the  compound  of  cuprous  oxide  and  ftramonio, 
t. sod  nltimatoly  precipitates  the  copper  in  tho  metallic  state;  zinc  and 
Bwbalt  likewise  precipitate  the  copper.  Iron  reduces  tho  copper  imper- 
B^tly;  arsenic,  tin,  and  cadmium  reduce  it  sparingly,  and  lead  exhibits 
B  but  mere  traces  of  reduction.  (Fischer,  Pogg.  S,  492.)  Iron  eiort«  no 
Volition  on  tlie  pure  solution,  but  slowly  precipitates  metaUic  copper  from 
Pitlie  KJotion  mixed  with  sal-ammoniac,  common  salt,  nitre,  or  sulphate  of 
Bjwtaab,  nodules  composed  of  copper  and  ferrons  hydrate  forming  on  its 
B«arface  at  isolated  points,  and  extending  till  the  liquid  is  decolorized.     A 

■  luge  excess  of  ammonia  prerents  tliis  precipitation,  especially  if  tho 

■  •olntion  be  mixed  with  nitrate  or  sulphato  of  potash.  (Wctttitr,  Sekte, 
WSO,  lUl.) — Sulphurous  acid  added  to  the  solntion  of  cnprio  oxide  in 
B4Hatiionia,  throws  down  nearly  all  the  copper  in  tho  form  of  red-brown 
ronpraQB  oxide,  contaiuinc  small  portions  of  snlpburotis  acid  [and  am- 
B-UOiiial].  (A.  Vogel.)    The  liquid,  when  diluted  with  a  largo  quantity  of 


water,  depoBila  tho  cnpric  oxiJv  in  the  form  of  hjJnU).  Potaah— 4 
wLich  a  larger  i|U3ntitj  is  n!c(uireil  in  pri>purtion  as  llie  kimnoiiua  i*  b 
greater  excess — ^likewise  precipiUutes  the  cupric  oiide,  at  least  after  ■ 
wliilc,  in  tbe  form  of  hydrate  [cootaiuiiig  potosb  T]  the  preciprlUion, 
according  to  Berxeliua,  being  complete;  on  GoiliDg-  the  Ii<ju)iJ.  hinck  oiidt 
of  cupper  is  immediately  precipitut«d. 

When  ammonia,  not  in  excess,  is  added  to  onpric  iaits,  the  predpStaM 
tuually  eitameta  of  a  basic  eaU  free  from  ammonia;  Kane,  however,  on 
one  occasion,  by  precipitating  a  eolation  of  eupric  cblorido  irith  ammonit, 
obtained  a  blue  precipitate  rwembling  hydratcd  cuprio  oxide,  which  wM 
easy  U>  wash,  and  did  not  lose  ammonia  during  tbe  wnshin^.  Tbis  prr- 
eipitate  nnderwcnt  no  cbacge  at  149";  hut  at  a  Gomeirhat  higher  1#M- 
perature,  it  was  decomposed  with  n  slight  hissing  noise,  yielding  nttrogfn 
gM,  ammonia,  a  large  i)uantity  of  vrat«r,  and  a  red  mixture  of  copper  and 
CQpruns  oxide.     It  waa  fbond  to  be  free  from  chloiine. 


!NH» 34  ,...  16-3S         ...         15-rO 

3CuO .  120  . ..  5-S9         ....         57-19 

6HO   hi  ....  2i-96 

2NU>,3CuO  +  6Aq !0a  ~  IWOO 
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F.  Cahbonatk  or  Ccpbic  Oxide  and  Ammonia. — Cuprico-atn^ 
Carhonale. — By  dtseolving  copper-filings  (with  excess  of  air},  anhydroDc 
or  hydmted  cuprio  oxide,  or  cupric  carbonate,  in  aqueous  eesqnicarbonats 
or  bicarbonate  of  animonia.^ — 100  parts  of  bicarbonate  of  ammonia  dis- 
solved in  I440part8of  wnter,tate  up  in  the  course  of  24  hoais,  2'38p«n« 
of  anhydrous  cupric  oxide,  or  1703  of  the  hydrate.  (Bischof,  St&w. 
64,  72.) — Tbe  solution  bos  an  acuro-bluo  colour,  somewhat  paler  than 
that  of  cupric  oxide  in  caustic  ammonia.  When  heat^Kl,  it  givta  off 
carbonate  of  ibuimonia,  boiling  up  suddenly  and  violently,  and  depositing 
nearly  all  the  copper  in  dingy  bluiBh-green  crusts  which  ountnin  finuiionia 
(BncboU,  Beilr,  1,  02);  it  first  deposit*  dingy  green  carbonata,  and  iben 
brown  oxide.  (Bischof.)  The  solution,  when  slowly  evaporated,  yields 
no  cryatols  but  a  green  crust.  (BuuhoJz.)  Polash  boiled  with  it,  thi«ire 
dowti  black  oxide  of  copper.  (JI.  Rose.) 

0.  liorxde  of  Nitrogen  and  Copper  f — By  proeee<ling  with  boi&eie 
acid  and  copper  in  a  manner  similar  to  that  described  for  the  preparntion 
of  boride  of  nitrogen  and  potasBium  (III.  70),  a  substance  is  obtained 
which  gives  off  ammonia  when  trciitod  with  I lyd rate  of  potash.  (Bnlniain.) 

H.  CupBo-HTPoarLPHATE  of  Ammckia. — Formed  by  supergatumtinjT 
»  somewhat  dilute  solution  of  cupric  hydropbospbate  with  ammonia  till 
the  precipitate  disappears.  This  li-quid  soon  yields  azure-blue,  rcctan^ntar 
tables,  coDtaining  2  At.  ammonia,  1  At.  cupric  oxide,  and  1  At 
they  are  permanent  in  the  air,  nnd  dissolve  but  sparingly  in  wi 
especially  if  it  be  cold.  (Heerco.) 

1.  AMMiitiio-siLPiiATE  OF  CuPRic  OxiDB. — Anhydrons  cnpi 
phate  rapidly  absorbs  53'OT  per  cent,  of  dry  ammoniacal  gas,  with  gr«ri 
rise  of  temperature  aud  tumefaction;  the  product  is  a  blue  powder.  Thli 
compound  fuses  at  a  moderate  red  heat,  a  large  quantity  of  ammonia 
being  given  off,  a  liitle  water  nn<l  sulphite  of  animouia  formed,  amLi 
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I  mixture  left  bebiud  cuusietiDg  of  cupric  sulphate  and  metal|^^| 


liATE  OP   CUPRIC  OXIDE  AND   AMMONIA 

eopper.     It  diBHilres  completely  in  water,  forming  an  asnre-liliic  solution. 
(H.  UoBO,  Paifg.  20,  150,) 

II.  KoM. 

sNH'  8a       ,     3(.;o      aa-os 

aCnO  eO        ...      32'651  .,.„. 

asffl eo     ....     3265f     "^^ 

5NH'*(2CoO,SO>)   2*5       ....     10000        ~..       1 00-0(1 

K.  CuPBO-BCLPHATK  OP  AuMONiA. — Ct'pnim  ammoniacaU,  £up/er- 
tabnUik. — Formed  by  superBaturating  blue  vitriol,  cithur  ponnded  or  dis- 
solved in  a  email  qoantity  of  water,  with  ammonia,  till  the  precipitate  ia 
completely  rodis^olved, — Crystallizes  on  evaporation — or  batter,  on 
careiiilly  coveriue  the  solution  with  alcohol,  or  nxposing  it  a  low  tem- 
peratuTO— -in  dark  azaro-bhie,  transparent  crystals,  having  somewhat  the 
form  of  Pig.  C.>,  but  very  long  and  thin.  When  the  ainmoniaoal  solution 
ia  agitated  with  alcohol,  the  salt  is  precipitated  in  tlie  form  of  a  blue 
crystalline  powder. — It  must  bo  (juicltly  dried  between  Libuluoa  paper, 
and  kept  in  well-closed  vessels  : 

Crgttallued.  Beneliui.  Biindei, 

2UH' 3*       ....      27-64  2640  ....  21-410 

CnO 40       ....       32'S2  3(00  ....  33-017 

SO"    *0      „„      32'52  3i-a5  ....  31-753 

HO  9      ....        T-3Z  7-3S  ....  13'3S8 

NH",CuO  +  NH'O.SO>       123      ....     lOOOO  ~.  lUO-00  Z.  99-538 

When  exposed  to  the  air,  it  gives  off  ammonia,  Srst  becoming  light 
liluc  anil  opaijue,  and  afterwards  changing  to  a  grocu  powder,  which, 
according  to  Kiihn,  is  a  mixture  of  sulphate  of  ammonia  and  quivdmbaaic 
sulphatu  of  cnpric  oxide. — When  heated  for  some  time  to  a  (emperatare 
not  exceeding  149',  it  give«  off  1  atom  of  ammonia  un<l  1  atom  of  water, 
and  is  converted  into  an  a|>plc-gTeen  powder,  amounting  to  9ti'4  p.  c  of 
tk«  original  salt,  and  com[W8ed  of  NH^CuOiSO'.  The  latterj  when  very 
gntdually  heated  to  20.'i'',  still  gives  off  j  At.  ammonia,  leaving  a  residue 
of  NH',2CuO,S0',  and  this,  when  gradually  heated  to  2G0^  gives  off  the 
laet  half  atom  of  ammonia  and  leaves  65'1  per  cent,  of  monosulpliate  of 
oopric  oxide.  Cuproaulpliate  of  ammonia,  when  suddenly  heated,  gives 
off  sulphate  (sulphite:  lifnelitit)  of  ammonia  as  well  Be  free  ammonia, 
and  leaves  a  residue  of  cuprous  oxide,  together  with  cupric  sulphite. 
(Kmo,  Ann.  Ckim.  Pkyi.  72,  265.)— Dissolves  in  1^  pi,  cold  water. 
Tbe  aeneous  solution,  when  exposed  to  the  air,  deposits  quadrobasic  sul- 
phate of  cupric  oxide,  which,  if  the  liquid  be  warmed  for  some  time  in 
tha  ait,  partly  redissolves,  with  evolution  of  ammonia,  so  that  the  liquid 
afterwanls  contains  monobasic  suljihale  of  cupric  oxide  together  with 
sulphate  of  ammonia.  (Kiihn,  Schio.  (iO,  343.)  Quadroba«io  sulphate  of 
flnpric  oxide  is  likewise  precipitated  wlieu  the  aqueous  solution  is  largely 
^lutod  with  water. — Zinc  quickly  precipitates  metallic  copper  from  the 
eolntion;  cadmium  and  lead  decompose  it  but  slowly;  arsonic  decomposes 
U  completely,  with  formation  of  cupric  arsCDitOi  bismutb,  antimony,  tin, 
and  iron  have  no  effect  upon  it.  (Fischer,  Po-fg.  8,  1J2.) 

L.  BiBASic  SoLFiiATK  OP  CnpKic  Oxide  and  Ammonia, — The  residue 
left  when  cuprosnlphate  of  ammonia  is  gradually  heated  to  HO'.  Apple- 
gre«n  powder.  When  exposed  to  the  air,  it  gradually  absorbs  water  and 
InruB  blue;  if  moistened  with  a  small  quantity,  it  becomes  very  hot  and 
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chuc«!i  to  bloe  immedtttelj;  if  it  be  tlMi  Med  at  27^,  ooe  hundnt 
jurt*  K.'i  the  puvJer  will  be  found  to  bare  absorbed  27-8  jMtfts  (3  At)  of 
water.  Bat  aa  excesss  of  water  decompoeee  tbe  powder  into  sulphate  of 
ammvDia.  cuprosulphate  of  ammonia^  and  a  precipitate  of  qoaoiobuie 
5Ci|>baie  of  cupric  oxide.  (Kane.) 

5(NH>.C«0.S(F;  =  3vXIP,SO>)-i^2NHS,C«0,80*-i-4CaO«SO*. 

^  ^                              AmAfdntm.  Hydrmied, 

^H»                          17      _      ir-52                 NH». 17      ....      1S7« 

C»0 40       _       41-14                   OtO^ _  40       ....      SS^ 

SO» 40      ^       41  t4                   SO» 40       ....       S2ii 

3HO    27      ....      21-78 

NH\CttO,SO» .-      97      ....     lOOiW  ^SAq.   _     124      ..^    llt^ 

M.  Sbbqitsasic  8rLPHATB  OP  Cvpsio  OxnyB  and  Ammokul^ 
NH\2Co0.2SO',orNH>,CoO;SO^+CaO;SO'.— Tbe  residae  obtained  l^ 
gentlj  beatinf  anhTdrous  cnprie  mlpbate  saturated  witb  ammoaii 
(Graham^,  or  bj  srradoally  beating  tbe  cuproaol^iate  at  »mnuvni^  to  i 
temperature  not  abore  203^.  (Kane.) 

X.  MoNOB.isic  Sulphate  op  Cupric  Oxide  and  AmcoinA.— 
C^prwyiimmoHic  SalpAat^, — Formed  by  mixing  cupric  sulpbate  witb 
sulphate  of  ammonia,  and  leaving  tbe  solution  to  crystallixe.  A  mixture 
of  tbe  concentrated  solutions  of  sal-ammoniac  and  blue  ritriol  in  equal 
Toiumes,  likewise  dep<.>sits  crystals  of  tbe  double  sulpbate,  wbUe  the 
corre:!>ponding  double  chloride  remains  in  solution.  (A.  Vogel.) — Light 
blue  crr^taLi  easily  soluble  in  water  (Berzelius);  of  the  form  of  sulphate 
of  nuMiiiicsia  and  ammonia.  (Mitscberlicb;  oomp.  Miller,  Pogg,  36,  477.) 
Sp.  gr.  r73T-  (Kopp.) — The  ciystals  effloresce  in  warm  dry  air,  fuse  and 
turn  freen  when  heated,  evolving  water  and  sulphate  of  ammonia.  They 
dissi^lve  in  1  ^  time:}  their  weight  of  boiling  water,  and  separate  out  for 
the  most  pan  as  the  liquid  cools.  (A.  Vogel,  J.  pr,  Chan.  2,  194.) 

CrytUUiMed, — Caknktion,  aocoriing  to  BoneUui. 

NIP/. 17        8*5 

CuO _ .,        40        20-0 

2SO> 80        40-0 

7HO 63        31-& 

MP.HO.SO>  +  DiO,SO>  +  6.%q 200        100-0 

O.  Amxonio-dixiodidb    op    Copper. —  1.  One   bimdred    parts  of 

cuprous  iodide  absorb  19*728  parts  of  ammonia,  tbe  combination  being 

attended  with  evolution  of  heat ;  but  at  a  higher  temperature,  tbe  whole 

of  tbe  ammonia  is  given  off  again.  (Rammelsberg.)— 8.  Plates  of  copper 

are  inclosed  in  a  bottle,  together  with  a  cupric  salt  strongly  supersatnimted 

with  ammonia — the  liquid  frequently  shaken  till  it  loses  its  colour— and 

then  poured  into  a  bottle  containing  aqueous  iodide  of  potasdnm,  wbidi 

must  be  afterwards  closed.    The  compound  of  cuprous  oxide  and  ammonii 

then  separates,  partly  in  colourless,  shining  prisms,  partly  as  a  white, 

crystalline  meal.     Neither  of  these  can  be  dried  without  decomposition^ 

inasmuch  as  they  turn  green  and  give  off  ammonia  when  exposed  to  the 

air.     The  colourless  liquid  from  which  the  compound  has  separated,  turns 

blue  in  the  air,  from  formation  of  the  ammonia-compound  of  cupric  iodide. 

(LcTol,  N.  J.  Pkarm.  4,  328.) 
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iiioeal  odour  and  deposits  a  green  powder.  BftUing  water  humedUttlf 
pruJuns  the  green  powder.  AciiJE  added  to  the  blue  solutioa  ihm 
down  cuprona  iodide,  while  iodine  remains  in  BolutioB.  Cold  alcohol  « 
ether  exerts  no  action  npoo  it ;  boiling  alcohol  beromes  brown  by  aetipg 
on  the  componnd,  and  gradually  imparls  a  green  colour  to  the  resiiloe. 
(Berthcmot,) 

The  groen  flakes,  when  heated,  gire  off  ntnch  water  and  »  little 
snimonja,  then  yield  a  sublimate  of  hydriodatc  of  ammonia,  and  leaTC  > 
brown-red  residue  containing  cuprous  iodide.  (Rammebberg.) 

Q,  CupRo-ioDATE  OP  Ammohia. — The  saturated  eolation  of  cop"' 
i»dat«  in  hot  at|aeous  ammonia  yields  azure-blue  crystals  on  cooling; 
alcohol  ailded  to  the  mother- liquid  throws  down  on  additional  qnaatiij 
of  the  double  Kalt,  in  the  form  of  n  crystalline  powder.  When  heated,  it 
gives  off  ammonia,  iodine,  oxygen  gas,  and  water.  With  water  it  fornu 
a  blue  liquid,  a  light  blue  powder  being  separated,  which,  eren  after  long 
washing,  still  contains  a  oousiderable  <iaantity  of  Iodic  acid.  (RalIlEaeL^ 
l»rg,  Pogg.  44,  5C9.) 

R.  Ammomo-diiiromipe  op  Cdpfer. — The  aolntion  of  dibromide  o( 
copper  in  amraouia  yields  crystals.  (Berthemot.) 

5.  AMMONio-PttOTOBROMiDK  OF  CoppER.— <i.  5NH',2CuBr.— AoLy- 
droos  protobromide  of  copper  iutroduced  into  amtnoniajml  gas  become* 
heated,  swells  up,  and  crumbles  to  a,  bulky  blue  powder.  This  com- 
pound, when  boated,  gives  off  ammonia  and  a  small  quantity  of  hydio- 
bromate  of  ammonia,  and  leaves  a  mixture  of  protobromide  and  protoxide 
of  copper.  It  disBolvea  completely  in  a  small  quantity  of  water,  fonuiag 
a  deep  blue  solnlion  ;  but  this  liquid,  when  diluted,  becomes  turbid  and 
deposita  liydrated  cupric  oxide,  which  turns  block  when  tlie  liquid  it 
heiitod.  (Rammelsberg.) 

6.  3NH',2CuBr. — Alcohol  ndJed  to  a  concentrated  solution  of  copria 
bromide  supersaturated  with  ainnionia,  throws  down  dark  green  crysUlft 
These  crystals,  when  treated  with  water  or  when  heated,  behare  likt 
the  compound  a.  (Rammelsberg,  I'ogg.  55,  246.) 


5NH> 

2Ci.Br 

850       . 
.      2S0-S       ., 

...      27-79 

.„.       72-21 

2B-98 
7102 

ftKHS.BCuBr 

30S'B 

510       ,., 
220-8       , 

....     10000 

...       18-77 
81-23 

100-00 

2C»Br 

Cu    23-55 

3NB',!CuBr... 

271-a       „ 

,       100-00 
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T.  CtrpKO-BiiOMATE  OP  Ammoma. — Precipitated  in  the  form  of  dark 
blue  needles  and  a  crystalline  powder,  on  the  addition  of  alcohol  to  * 
solution  of  cupric  bromate  in  aijueona  ammonia.  When  heated,  it  b 
decomposed,  with  a  fiery  explosion,  yielding  nitrogen  gas,  broiuiiM, 
ammonia,  and  water,  whereby  the  greater  part  of  the  oxiile  and  bromid* 
of  copper  is  roechanicallv  carried  i>IF.  Turns  green  when  exposed  to  tbe 
air.  Dissolves  completely  in  a  einall  quantity  of  water,  fonningaUne 
liqaid;  and  on  adding  a  larger  (\iuLntity  of  water,  a  bluish-green  substtnM 


U.  Ahmonkv-dtcblortde  of  Copper. — Dichloride  of  copper  forma  a 
c«IoiirleG3  solntion  witli  aqueous  ainmouia.  Protosulphide  of  pbosphoruB 
fonna  therewith  a  red-hrowa  precipitate  (BerzeliuB),  and  potash  throwa 
Aqwm  from  it  tlie  hydmted  dioxide,  provided  the  ammonia  is  not  in  too 
mvnl  excess.  (H.  Rose.) 

F  V.  UicifLORiDB  OF  Copper  and  Akhomum. — Cuproto-ammonic 
•Chloride. — The  solution  of  cnprous  chloride  in  strong  bydroohloric  acid, 
nixed  with  small  quantitiea  of  ammonia,  deposits  transparent  crystals, 
whicb  appear  to  be  cubes.  (Gm.) — 2,  By  the  electrolytic  method  (I,  400, 
401),  the  compound  is  obtained,  sometimes  iu  ootohedrous,  which  are 
transparent  and  colourless  at  first  but  D-ftecwards  assume  an  ametbyst- 
red  tint — sometimes  in  aix-sided  prisms — eometimes  in  crystals  of  a  dif- 
ferent form,  which  are  first  colourless  and  afterwards  yellow,  and  Irom 
trhicb  water  extracts  the  aal-ammoniac.     A  similar  compound  is  likewiM 

med  when  a  solution  of  sal-ammoniac  in  wbicb  copper  is  immersed,  is 

posed  to  the  air.  (Bccquerel.) 


,  '  W.  Ammonio-i>rotochloride  OF  Copper. — a.  With  Z  At.  Ammonia. 
SNH'.CuCI. — Protocbloride  of  copper  ranidly  abaorbs  ammoniacal  gas 
and  swells  up  to  a  blue  powder.  (Faraday.)  The  absorption  is  very 
rapid  at  first,  then  becomes  continually  slower,  and  the  whole  quantity 
of  ammonia  abaorbed  amouutii  to  737  per  cent.  (H.  Rose,  Pogg.  20,  155.) 
The  compoDud  fuses  when  heated,  and  gives  off  its  ammonia.  (Faraday.) 
On  the  application  of  heat,  it  first  turns  green  and  gives  off  ammonia,  and 
then  fuses,  yielding  a  aublimato  of  aal-aramoniuc  and  a  residue  of  dichltn 
ride  of  copper.  (H.  Rose.)  At  149^,  it  gives  off  only  "2  At.  ammonia,  so 
that  the  residue  coneists  of  NH'.CuCI.  <KaDe.)  The  compound,  when 
cx])osed  to  the  air,  turns  green  and  gives  off  ammonia.  (H.  Rose.)  It 
dissolves  completely  in  water,  forming  a  blue  solution,  (Faraday, 
H.  Rose.) 
r  H.  Rom. 

m  3NH*   510      ....       43-07        42'43 

■  CuCI 67-4       „..      5693         57-B7 


3NH',CiiCI IIB'4 


Cadr 

aqueous 


I  immersed  ii 


e  blue  solution  of  cuprlc  cliloride  in  excess  of 
he  copper  coinplotely,  but  throwa  down  at 
a  small  quantity  of  biwic  salt ;  iron  reduces  only  a  part  of 
the  copper ;  lead,  a  little  ;  antimony,  bismuth,  and  tin,  none.  (Fischer.) 
ProtosulpbJde  of  phosphorna  added  to  the  solution  throws  down  a  bluck- 
hrown  precipitate.  (Berxelius.) 

b.    Wiik  2  Al.  Ammama.~-Z^n\CnC\-^  nO.or  NH',CuO-i-NH',HCl. 
len  ammoniacal  gas  is  passed  through  a  bot  saturated  solution  of  cupric 


COFPBIl. 

ohluriile  In  water,  till  tlio  preotpltato  which  forms  at  firet  is  eompl&t«ljn> 
diflsolveil,  iluring  wliich  proccus  the  liquid  is  kept  almost  boiling  bjtk 
holt  dfvclopeil  hy  the  abaorption  of  the  gas,  the  reenltiag  MMtka 
yii-'lile,  oD  nuulinK.  amall,  dark  blap  ocMhedrous,  and  ^naarc  prismf  with 
ioitr'8ideil  eunimit^.  These  ciyetals  must  be  qaickljr  ilned  between  hitn- 
Idus  paper  at  the  ordinary  temperature  of  the  air,  anil  in  a  plac«  when 
they  Hill  uot  be  exposed  to  acid  fumes;  but  even  when  that  prccaD^D)> 
taken,  thoy  are  Tory  apt  to  turn  green  on  the  tturfoce  from  loss  nt 
ammonia.  At  a  temperature  not  above  149%  they  give  off  all  fhiAi 
waWr  and  half  their  ninmonia,  leaviug  T6'3  per  cent,  "■•f  the  foII«*ini[ 
compound,  NH*,CuCI,  vhich  undergoes  further  docon position  at  a  higha 
temperature.  (Kane,  .^nn.  CAini.  Pkyt.  72,  273.) 


!NB« ... 


CrylailUld. 


Kue. 
28-83 
28-73 
32-19 


2NH',CuCI  +  Aq. 


vtin;     I 


c.  With  I  At.  Jmmonio.— NH',CaCl.— 1.  The  residue  left  on  heatinj 
n  or  &  to  140°.  (Kane.) — 2.  Formed  by  saturating  chloride  of  cojipcr  at  ■ 
high  temperature  with  atumonijic9,l  ga£.  (Ontliani.)  Orcen  powder. 
When  heated  Bomewhat  strongly,  it  gives  off  nitrogen,  ammonia,  and  m1- 
lunmoniac,  and  leaves  dichloride  of  copper: 

e(NH',CaCn  =  3Cu=CI+3(NH',HCl)  +  aNU»«-N. 

It  IB  decomposed  by  water.  yieMing  sal-ammoniac  and  the  compound  I, 
which  dissolve,  together  with  a  bluish-green  residue  of  cupric  oxycbloride. 
CuCl,4CuO  (p.  442).     (Kane.) 

fi{NH',C<.Cl)  +  4HO  =  4(NH',HCI)  +  2NH*,CnCl  +  CaCl,4CuO. 


Tbo  anhydrous  compound,  CuCl,2CuO  absorbs  from  10-4  to  I  I'l  per  eenU 
of  ammonia,  becoming  slightly  heated,  but  retaining  it«  brown  colour  i  it 
is  thereby  converted  into  NH"-i-CnCl,2CuO.  (Kaac.) 

X.  PnoTocnLoniDe  or  Coppek  and  Ammonium,  —  Cuprleo-ammatA) 
Chloride,  a.  NH'Cl,CuCl  +  2Aq.  — 1.  Formed  hy  mixing  the  concentrated 
aqueous  solntioni<  of  equal  equivalents  of  sal-ammoniac  and  protochloride  of 
copper,  scd  cooling  the  miituro  to  the  cryatalliiing  point,  53-4  part«  <A 
Bttl-ammoniao  and  G7'4  pt«.  anhydroua  chloride  of  copper,  or  8.5-4  pts.  of  the 
crystallisiod  chloride,  is  the  proportion  required.  (Mitsehcrlich,  J.  pr.  Chm. 
ID,  449;  Qrabam,  A  nn.  Pharm.  29,  82.) — 2.  Concentrated  solutions  of  bin* 
vitriol  and  eal-ommonioc,  mixed  iu  eqnal  vulamee  and  then  evaporated  iiul 
coolol,  first  ^ield  crystals  of  the  double  sulphate  and  afterwords  of  UiB 
double  cliloride.  (A-  Vogel,  J.  pr.  Chem.  2,  1!)4.) — 3,  Aqueous  proto- 
cblurida  of  cupper  is  supersaturated  with  ammonia,  and  the  filtered  liquid 
concentrated  by  evaporation  and  slowly  cooled  to  the  crystallixiug  paiak 
(Cap  &  0.  Henry,  J.  Pharm.  23,  617;  also  J.  pr.  Cheta.  13, 184.)  Tbt 
aolntion  acquires  a  bluish-groeu  colour  during  the  evaporation,  and  Am 


CUPEO-NITBATE  OF  AMMONIA. 

Uniah  flnkes.  (Kane.)     As  the  excees  of  ammonia  ia  driron  off  by  evapo- 

),  protochloride  of  copper  and  ainmoniun),  together  with  the  Aiumonia- 
VtCODipouDil  of  cupric  oxide,  appears  to  furm  in  tlie  solution;  and  tlie  lutter 
F  aecnu  to  be,  for  the  most  part,  docomposeil  b^  the  heat  into  ammontft 
I   which  eaeapee,  aud  a  basic  salt  which  is  precipitated  : 

2CuCl  +  2NHHHO  =  (NH^HCl,CnCl)  +  NH>,CaO. 
mprio  oxide,  either  nnhydroue  or  auhydrated,  and  likewise  the  carbonate' 
IIwjIvo  with  facility  in  aqueous  sal  ammoniac,  fonuing  a,  blue  solution 
uBntt),  which  gives  off  ammonia  on  foiling  (L.  Thompson);  i 
'ao  the  same  compound  is  probably  formed. 

Bqnare-basod octohedrons.  (Mitscberlich.)  Blueoraomctimesgreenish- 
I  Uoe  octohedrons,  which  yield  a  light  blue  powder,  and  have  a  disagtee- 
■  ^le  coppery  taste.  (Cap  &  Heury.)  Siskin-green  crystals,  permanent  in 
^■^  wr.  (A,  Vogel.) 

€Srytlan.Ued.  Cap  &  Hrary. 

17-0      ....       12  as         U'46 

32-0       ....       23-U5  25-03 


Ha ., 


^Ha  +  CnCUEAq.... 


me  calculation  is  made  according  to  the  statements  of  Qraliam  and 
Uitacherlich,  which  agree;  the  atialyeia  by  Cap  &  Henry  corresponds  to 
the  forrania,  NH'.HCl+CuCl  +  Aq. 

The  salt  retains  its  2  atoms  of  water  with  great  tenacity,  and  cannot 
be  oompletcly  dried  withont  volatilization  of  sal-anintoniae.  (Graham.) 
When  heated,  it  gives  dS  water  and  turns  greenish,  but  recovers  its  blus 
colour  on  beine  moistened  with  water.  At  a  higher  temperature,  it  fuses, 
gives  off  acid  vapours,  accompanied  by  sal-amnioiiiao  and  a  sioall 
quantity  of  chloride  of  copper,  and  solidi&es  iu  a  radiated  mass  on  cool- 
ing. (Cap  &  Henry.)  It  is  loss  Koluble  in  water  thau  the  protochloride 
of  copper.  (Graham.)  It  dissolves  in  water  with  partial  decomposition 
and  separation  of  a  green  powder,  while  the  solution  is  acid  and  greenish. 
In  alcohol,  especially  when  hot,  it  dissolves  completely  and  without 
decomposition.  (Cap  &  Henry.)  The  aqueous  mixture  of  protochloride  of 
copper  and  sal-amnioniao  is  green,  but  acquires  a  transient  yellow  coloar 
Vhen  hented,  as  do  likewise  characters  traced  on  paper  with  it. 

^  6.  NH'Clj2CuCI  +  4Aq. — By  saturating  one  part  of  hydrochloric 

.Uid  with  ammonia,  2  pts.  of  the  same  aciii  with  cupric  carbonate,  and 

lizing  the  solutions,  this  salt  is  obtained  in  fine  bluish-green  crystals, 

omoqihous  with  the  corresponding  nickel   and  cobalt-componnds,  and 

dnblo  in  2  parts  of  water. 

H.iit.. 


,.      29-55 
<7-37 
16-05 

2779 

Nn'Cl,2tuCl  +  lAq. 

224-2 

.     10000        ... 

...         99-72 

Y.  Ccpiio-NiTRATE  OF  Ammonia. — ).  Formed  by  saturating  cnprio 
itratc   with  amnioma.    (Nowmann.) — 2.    By   passing  ammoniacaJ   gas 


4 


tbrough  a  hot  saturated  eolDtion  of  capric  nitrat*,  till  tbe  pn^ijiiutc  »■ 
di«i>alv(N,  nnii  leaving  tlio  solution  to  cty^tnlliie  by  cooling.  (Kbim.)— 
3.  When  a  baoiii  containing  aqueous  ammonia,  and  another  containing  i 
cvneoDt rated  solution  of  cupric  nitrate,  arc  placed  together  imder  a  batt- 
jar,  ■  crystalline  powder  forms  in  ibe  latter,  which,  by  recrystHllixatioa  IB 
liot  wBter,may  be  obtained  in  distinct  crystals.  (BertJiior.) — Blui^ayBtali 
(Newmann),  needles  interaecting  each  other  (Kane). — Gitcs  off  \ntti 
of  ammonia  when  lieaCed,  Lat  no  vater  if  it  Ims  been  preriouslj  well 
drie<l.  The  maaa  exhibits  Email  sjiccks  of  blank  oxide  of  copper,  tvtn, 
and  at  a  liigber  temperature  explodes  with  a  violent  hiseiag  noise,  foiming 
k  cloud  of  gneeous  mutter,  aad  iDBving  a  residue  of  cupric  oxide.  (San&J 
According  tu  Bcnelius,  also,  the  ealt  exbiliits  liissing,  but  not  detocatinr 
explosion;  according  to  Newmann,  it  leaves,  when  dissolved  in  alcohol 
and  evaporated  to  drynefia,  a  residue  which  detonates  like  fulminaiise 
gold  when  heated.  It  dissolves  easily  in  water;  a  small  qoaatity  of  >ima 
thron's  down  triuitrate  of  cuprio  oxide. 


2NI1».... 

CoO  .... 
NO"  .... 


Cryttallked. 

U       ....      26-56 
40       ....      31  ZS 


Kane. 
3S-S3 
31-03 


K»       I 


r,  according  to  Kane,  Cn,NH'+NH',HO,Kd», 
' ■-  with  amide  of  copper. 


NH'.CuO  +  NH'.NO'i 
t.  e.  a  compound  nitrate 

^  Z.  AzopiiosPiiATE  OF  CuFBic  Oxide. — When  cupric  snlphate  ti 
addeid  to  a  slightly  acid  aqueous  solution  of  chlorophoepLide  of  nitrogen 
decomposed  by  ammonia  and  alcohol,  and  the  mixture  boiled,  a  pale  blu« 
fiofculent  oopper-ealt  precipitates.  This  compound,  when  heated,  swelU 
Dp,  becomes  black  and  afterwards  lij^hter  in  colour,and  evolves  ammuuis, 
vapour  of  water,  and  the  white  sublimate  already  mentioned  (p.  259),  U 
produced  by  the  decomposition  of  tlie  corresjionding  fcrric-^t.  Il  is 
wholly  decomposed  by  a  cold  Golution  of  potash. 

GlaJttonc 

3CuO 120       ....       42-41  4242 

2P Gl       ....      22-62     ■  


3CuO,  I«NO'  +  5Aq 283      ....     100-00 

(Gladstone,  Chem.  Soe.  Qit.  J.  3,  147.)  f 

Copper  and  Potabsium. 


A.  Alloy  op  Ooi-peu  anb  Potassium. — According  to  Serallw, 
copper  heated  to  redness  with  cream  of  tartnr  does  not  become  alloy?'! 
with  potnssium.     According  to  Karsteu,  copper  thus  treated  tak««  op  a 

3uantity  of  potassium  not  exceeding  0-13  per  cent.,  and  is  thereby  — 
ercd  somewhat  less  ductile  when  hot.  , 

B.  CurBofa  Oxide  wiTU  Potash, ^^.  Hydrate  of  potash  fuf 


I 


cible  out  of  contact  of  a 


■epKRilea  tbe  grenter  part  of  the  Jioxide  iu  tlie  furin  uf  b.  briok-red 

rwder;  a,  smaJi  porlioo,  however,  g'oes  iulti  the  potash  solution. — 
When  cuprous  oxi<Ie,  either  anhydrous  ur  hydrateil,  is  treated  with 
sxcess  of  cuu«tic  potash,  a  email  quantity  dia^ilves.  The  colonriese 
liqnid  turns  brown  with  sulphuretted  bydrogon  aud  deposits  sulphide  of 
.jtoppet.  (Chodnew,  J.  pr.  Chem.  28,  217.) 

I  B,  Curmc  Oxide  WITH  Potash. — a.  Hydrate  of  potash  fuaes  with 
JBpric  oxide  to  a  green,  transparent  liquid;  water  withdraws  the  potash 
bom  this  ino^s,  and  leaves  the  cuprie  oxide  undissolved.  (Berzelius.) 
[One  part  of  eupric  oxide  heated  to  commencing  rednesa,  ilissolves  cum- 

t«!y  in   4  or  6  parts   of  pure  hydrate   of  potash   {Potaue  d   Calco/tol). 

len  tbe  cooled  mass  is  treated  with  water,  oxygen  gaa  escapes,  in  oon- 
wqaence  of  the  previous  formation  of  peroxide  of  potassium,  while  flakea 
■tnu  crvstale  of  cuprie  oxide  free  from  potash  remain  undisaolved.  The 
or^THtaJs  are  formed  during  the  solidification  of  the  mass,  for  they  may  l>e 
lecogniied  before  the  action  of  the  water;  they  separate  during  the  pro- 
cess of  solidification  from  their  solution  in  peroxide  of  potassium  (or 
lather  in  hydrate  of  potash  :  Berzelius);  the  flakes  are  tnat  portioit  of 
the  cuprie  oxide  which  remain  in  combination  with  the  potash  liyd rate 
even  when  the  Taaan  is  solidified.  When  common -hj-drate  of  potash  con- 
tftining  lime  is  used,  scarcely  a  trace  of  crystals  is  produced.  Cuprie 
oxide  ignited  for  some  time  with  hydrate  of  potash,  is  converted  into 
■euprous  oztdo,  and  on  treating  the  mnsa  with  water,  the  latter  is  obtained 
iu  amaller  red  crystals.  (Becquerel,  Ann.  Chim.  Phy».  51, 122;  also iS'iAto. 
66,  401.) — T he  compound  uf  cuprie  oxide  and  potash  is  obtained  on  fusing 
^Viydrato  of  potash  in  a  copper  crucible,  or  cuprous  oxide  and  hydrate  of 
'^tash  in  a  silver  crucible,  tbe  air  having  access  to  the  mass.  The  oom- 
l^imd  is  dark  blue,  somewhat  green  4m  tbe  surface.  The  lonj^r  the 
■StiHon  is  continued,  the  greater  is  the  quantity  of  cuprie  oxide  dissolved; 
the  proportion,  however,  does  not  exceed  I  part  in  173  to  200  of  potash- 
hydrate.  The  oxide  is  not  completely  separated  on  treating  the  mass 
with  water;  a  portion  passes  into  the  solution,  and  imparts  a  blue  colour 
to  it.  (Chodnew,  J.  pr.  Chem.  28,  217-) 

b.  Strong  potash-ley  mixed  in  excess  with  bydrated  cuprie  oxide  or 
any  salt  of  copper,  dissolves  a  portion  of  the  oxide.  The  blue  solution, 
when  heated  for  some  time,  depoaita  black  oxide  of  oopper,  and  on 
addition  of  water,  the  blue  hydrate.  (Proust,  A.  Gobi.  6,  561; — comp. 
Boloff,  A .  Gehl.  6,  iHi.) — The  blue  solution  is  obtained  either  by  treating 
the  fused  compound  a  with  water,  or  by  dropping  a  dilute  solution  of 
flopper  into  an  excess  of  strong,  cold  solution  of  potash,  which  redlssolres 
ti)e  precipitate  first  formed.  (If  the  lii^uids  are  hot,  a  separation  of  black 
«uprio  oxide  takes  place.)  In  this  combination,  38-5  parts  of  potash- 
hydrate  are  required  for  1  part  of  dissolved  cuprie  oxide.  The  solution 
when  onco  obtained  is  not  rendered  turbid  either  by  boiling  or  by  the 
■dditiou  of  water  (contrary  to  Proust's  statement),  but  is  rather  made 

,  «le«rer  by  boiling;  even  the  ignited  oxide  dissolves  in  caustic  potash  after 
icontinn^  boiling,  the  solution  taking  place  the  more  easily  as  the  potaah- 
iiey  ia  atroDger.  (Chodnew.)     BerEcliua  suspects  that  the  power  possessed 

hy  the  potash  to  dissolve  the  cuprie  oxide  may  have  arisen  from  the  pre- 

MDoe  of  organic  matter. 

c.  Potash  added  to  tlio  solution  of  cuprie  oxide  in  ammonia,  or  to 
.  carbonate  of  cuprie  oxide  and  aminonisi,  throws  down  light-blue  flnkoa  of 
'  bydrated  oupric  oxide  containing  potash,  from  which  warm  water  extracts 


I 
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Die  wbole  of  iLe  potasb.  (Bersi<liiia.)— Oronrello  (Ann.  Chim.  Phm. 
17,  35G)  stales  that  liyilrntod  cupric  oxide  precipitntod  from  copper-ailtB 
by  ciceae  of  potA^h,  oouUius  potnah  in  a,  state  of  suvii  iotimata  combinv 
tion,  tUat  it  cannot  bo  extraotod  by  water,  and  is  even  retained  in  t)j« 
anhydrous  oxide  which  is  formed  oD  boiling  the  hydmte  with  water; 
it  may,  however,  be  detected  by  evaporation  to  diynees,  and  ignition  iritli 
nitric  acid. 

Aooording  to  a  former  statement  of  Berzelios  (5cAip,  30, 16. ..9),  Coptic 
oxide  in  esoess,  i^ited  with  cnrbonate  of  potaah,  drives  out  j  of  ibe 
carbonic  acid,  bo  that  KO,CuO  +  3KO.CO' is  produced;  water  adde<l  W 
the  mass  dissolves  out  the  I  atom  of  pota«h  aud  tbe  3  atoms  of  tbs  cv- 
bonale  of  potasb,  and  leaves  cupric  oxide. — Acourding  to  Fellenberg 
(Poffjf.  44,  447),  carbonate  of  potash  ignited  with  cupric  oxide  does  ni>[ 
give  off  a  trace  of  carbonic  aoid,  Berielius  (Jahrexber.  19,  247)  arrived 
at  the  same  result,  and  attribntes  tlie  evolution  of  carbonic  acid  which  he 
observed  in  his  former  experiments,  to  the  fact  of  bis  having  used  a 
porcelain  retort,  the  silica  of  which  oipelled  the  carbonic  acid  from  the 
carbonate  of  potaah. — More  recently  Chodnew  (J.  nr.  Chtn,  28,  217)  ba« 
found  that  carbonic  aoid  ia  certajnly  evolved  in  this  reaction,  provided 
the  heat  he  strong  enough;  and  accorJing  to  Dumas  &  Piria  (J.  pr.  CA«*>. 
27,  332),  1  atom  of  carbonio  acid  is  expelled  from  4  atoms  of  carbonate 
of  potafh, — a  result  agreeing  j-^erfcctly  with  the  former  statemsnt  of 
Berzelius,  according  to  which  the  quantity  of  carbonic  acid  driven  off 
does  not  amount  to  the  half.    The  subject  reqairea  further  examination. 

D.  CAnnoNATE  op  Cpprio  Oxide  and  Potash. — Cuprico-patamk 
Carbotutle. — Aqueous  carbonate  of  jKitash  dissolves  carbonate  of  cupric 
oxide,  forming  a  pale  blue  solution  (Haueraann,  Scher.  J.  4,  57fi);  from 
the  solution  in  bicarbonate  of  potaah  the  double  salt  cryBtalliies  in  oeto- 
hedrons.  {Schui.  0,  9.)  Iron  immersed  in  this  solution  does  not  preci- 
pitate the  copper,  unless  sal-ainnioniao,  common  salt,  nitre,  or  sulphate  of 
potash  is  present.  (Wet»lar,  Sehie.  50,  103.) 

E  Sulphide  op  Copper  asd  Potassium.^*  5  parta  of  ignited  hli[s 
vitriol,  heated  to  whiteness  in  a  charcoal  crucible  with  5  parta  of  sulphate 
of  potash,  yield  5'<i  parts  of  a  metallic  sulphide,  which  is  tumefied  onil 
black,  has  an  acrid  and  sulphurous  taste,  effloresces  in  the  air,  and  gives 
up  its  sulphide  of  potassium  to  water,  while  sulphide  of  oopper  renmiiu 
in  the  form  of  a  black  powder,  (Berthier,  i4nn.  Chim.  Pkjp.  23,  294.)— 
(.  1  part  of  liver  of  sulphur  ignited  with  6  parts  of  copper-filings,  yields 
a  black,  semi-fused  mass,  from  wbich  water  extracts  nothing  but  sufpbate 
of^tash.  (Vauquelin,  Ann.  Chim.  Phifi.  6,  25.) — e.  A  copper  vessel  in 
which  potaah-loy  is  boiled  with  sulphur,  becomes  rapidly  cnrrodoil. 
(Pasekenb.  1781,  28.) — rf.  Beoiiuerel,  by  the  electrolytic  method  (I,  401), 
obtained  silkv  needles  of  [hydrated  t]  sulphide  of  copper  and  potaAsinin. 

Protusulpnido  of  copper  is  soluble  in  aqueous  carbonate  of  '  ' 
(Bcrielius.) 


I  hypofli^^ 


P.  Hyposru'HiTB  of  Otrpnocs  Oxidb  akd  Potash.  .—  0 
poloisic  Bi/pondphite. — a.  Wilh  1  At.  PotoiKsalt. — Aqueous  1__^ 
phito  of  jiotash  forms  with  sulphate  or  acetal«  of  cupric  oxide,  a  green 
mixture,  from  which,  after  a  while,  the  double  salt  is  precipitated  in  the 
form  of  a  crystalline  [rawdor.  (Uammolaberg.) — The  reduction  of  the 
oaprio  to  cuprous  oxide  which  bore  takes  place,  is  accompanied  by  the 


ol  lowing        ^1 
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SULPHATE  OP  CUPBIC  OXIDE  AND  POTASH. 

fonnatioD,  not  of  sulphuric,  but  probably  of  tetrathionio  acid.  (FordoB 
Geiis,  ,V.  J.  Pharm.   4,    338,)     [Perliapa   according   to  tlie  following 
'formala] : 

(KO,SPO=)  +  2(CuO,SO^=  2(KO.S(>'+KO,Cu'0,2S'0=)  +  KO,B'0». 
iCoiBftxt,  on  the  other  eide,  Lenz,  undor  the  head  of  Hypnnilphitt  i)f  Cupric  Oride 
end  Soda.) — TLs  salt  qulckly  turns  brown  while  being  dried  in  the  air.  It 
blackens  when  heated,  whereupon  water  extracts  from  it  sulphate  of 
potash  free  from  sulphide  of  polnssium,  WLen  boiled  with  water,  it 
disintegrates  and  yields  black  sulpliiile  of  copper,  tho  water  taking  up 
sulphurous  aad  sulphuric,  but  no  hyposulphuroua  acid  : 
K0,Cu'0,2S=0=  =  2CiiS  +  KO,Bff'  +  SO'. 

With  heated  potash  it  is  resolved  into  yellow  hydrated  cnprous  oxide 
'knd  hyposnlphito  of  potash.  It  disBolres  with  difficulty  in  water.  (Ram- 
■    lelaberg,  Fogff.  58,321.) 

OrystallittJ.  Rammeliibgrt. 

KG 47'2      ....       2024        17'86 

Co'O  72-0      ....      30-87        51-40 

28=0= 96-0      ....      41-17        42-07 

2H0  18-0      ....         7-J2        8-67 

KO,8"0>  +  Ci«>,»W  +  2Aq 233-2      ....     100-00        ~.       100-00 

6.  With  3  At.  Potash-gait. — Precipitateii  on  the  addition  of  alcoliol  to 
tbe  saturated  solution  of  the  salt  a  in  aqueous  hyposulphite  of  potash,  in 
'tlie  form  of  a  heavy  oil,  which  soon  sol  tJiliea  to  a  wliito  mass.  Dissulvoa 
more  easily  ia  wtiter  than  a;  tho  solution  remains  undecompoeed  on 
iboiling,  bill  hydrochloric  acid  liberatce  sulphurous  acid  from  it,  precipe 
■tatinK  sulphur  and  afterwards  sulphide  of  copper,  Chloride  of  barium 
Vkdded  to  the  solution,  throws  down  white  flakes  of  the  bary tic  double  salt, 
polnble  in  hydrochloric  acid.  Excess  of  ammonia  forma  a  oolourless 
liquid  which  turns  blue  in  the  a'      '"      -  -  i  i        > 


3K0    . 
SHO 


(Rammels 

berg.) 

72-0      ... 

16-64 

15-41 

192-0      ... 

4439 

4610 

27-0      ... 

6-24 

7-25 

432-6      ... 

100-00 

100-00 

a(KO,S"0>)  +  Cn'0,S'0«  +  3Aq.  , 

G.  ScLPHiTE  OF  Cdfrous  O.vtDB  AND  PoTASO.  —  Cwproao-potostie 
SulphiU, — When  solutions  of  cupric  nitrate  and  sulphite  of  potash,  not  too 
dilute,  are  mixed  in  tho  cold,  a  yellow  precipitate  is  formed,  coutainiug 
■^5-2  sulphite  of  cuprous  oxide  and  H'S  sulphite  of  potash,  which  latter 
Viay  bo  extracted  by  boiling  water.     The  salt  is  insoluble  in  water. 


H.  SuLPOATE  OP  CuFRic  Oxide  and  Potash.  —  Cuprico-potatiic 
•Sulphate. — Funned  by  dissolving  pure  or  carbonated  cuiirio  oxide  in 
Mjueous  bisulphata  of  potash,  or  by  mixing  monosutpbate  of  potash  with 
monosulphate  of  cupric  oxide,  and  leaving  the  solution  to  cryslullixe. 
•(P.  C.  Vogel,  Sehw.  7,  40.)  By  heating  the  crystals,  the  dry  salt  ia 
WtHined  in  the  form  of  a  green,  Diablo  ma^ss,  whicii  fuses  at  a  red  heat, 
iTiog  off  II  ponton  of  its  acid.  (F.  C.Votcl.)  When  cooled  after  fusion, 
I  solidifies  in  a  blue  mass,  which  soon  falls  to  pieces  in  scales  or  powdor, 
ith  decrepitation  and  formation  of  cmeks.  <fita.)x^m,  PhU,  Mag.  J.  A,  Hi; 
BOtlger,  fogg.  50,  43.) 


4 
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4S0  corrzK. 

From  llio  uaeoiu  solution,  the  nit  sepantae  in  combiDstioa  with  6 
ktoiuB  of  cryBt^lliiuti on- water,  formjog  jntie  lilua  rrVBtala,  isomorpfaoiu 
witli  thiise  of  Bulpbale  of  mngticsia  aad  nnimoniit  (Mitscberlich),  wiil  of 
apecific  gravilj  2137-    (Kopp.)     ?V-   ^*>  '':•»' or  ti=  104' aO;  ir«: 
154-20';  i':/=116'20;  u' :  «=H)7°  35'j  «  :  (=12e=>  12'.   (Brookp,  J« 
/>Ai/.  23,  118.)— TliecrjstaU  heated  to  100°  in  lhe»ir,gi»e  off  11-27  p. 

!3    At.)   of  water.    (Giuluun.)      1*1107  are    eaeilv    swluble    in    w»tt 
F.  C.  Voj.1) 

KO.... 47-2  28-23 

CnO   400  23-92 

2SO» BO-0  4r-9S 

KO,ISO»  +  CnO,aO» 187^2  ~.       10000 

I  CVydoUmsf.  F.  C.  Vogd. 

■  EO.- ~....     4I-Z       ,.,,        21-34  81-^2 

■  '0K>     — *0'0  18-08  -  IBOO 

■  n^  - — 80-0      ...       3616        36-08 

P         fHO 5<-0        -■       2«<2 24-50         ,  .         24  M 

f  KO,Sff'  +  CaO,SO"t6Aq.  2212     .        lOOOO        ~.       100-00         ^  lUU-'oo 

The  uqueoua  Bolution  when  balled,  deposits  a  liglit  greeu  crystTlIine 
powder,  consisting  of  a  baiic  douhCt  salt,  so  tbat  the  liquid  filtered  from 
tbia  depoait  uot  only  yields  crystals  of  the  normal  ailt,  but  ultim&tely 
a  mother- liquid  contAioing  bieulphate  of  potash.  Tbe  basic  ciyctaJ- 
lino  powder  appears  by  analyeis  to  consist  of  KO,dCuO,4SO'  +  4A(i; 
diflerent  siunples  of  it,  however,  giLve  different  results,  so  that  it  must  be 
regarded  as  a  variable  mixture  of  two  basic  salts.  When  boiled  for  Mine 
time  with  water,  it  leaves  baeio  sulphate  of  cnpric  oxide,  the  w»ter 
taking  up  the  sulphate  of  potash,  togetuer  with  a  Bmall  qnontity  of  capric 
oxide.  (Brunner,  Pogg.  15,  476;  32,  221.)  Graham  likewise  obtained 
the  basic  double  salt  on  boiling  the  solution,  and  found  that  it  wm 
decomposed  during  washing. 

I,  Skleniatb  of  Cupric  Oxide  and  Potash. — Exhibits  charaeton 
similar  to  those  of  the  sulphate.  (Mitscherlich  } 

K.  DrsioDiDE  OF  Copper  and  PoxASSitM. — Ctiprtao-potiu*ic  Iodide. 
— Bcc'iuercl  obtained  this  salt  in  while  needles  bv  the  electrolytio 
method-  (I.  401.) 

L.  DtctiLORtDB  OF  Copper  and  Fotabsiuh.  —  Cuprot^-potame 
Chloride. — Formed  by  boiling  dichlorido  of  copper  in  a  small  quantity  of 
water,  adding  chloride  of  potassium  till  all  the  dichloride  of  copper  is 
dissolved,  and  cooling  tbe  solution  to  the  crystallising  point. — Anhydreos 
regular  octohodrona  =  2KC1,  CuTI.  {Mitscberlich,  Ann.  Ckim.  Phft. 
73,  384.) — Bocquerel,  by  tbe  electrolytic  method,  obtained  the  si 
similar  compound  crystallized  in  icLrahedrons.   (I,  401.) 

M.  Protochloride  of  Coppeb  and  PoTASstrM.  —  Cuprito-p 
Chloridt. — Formed  by  cooling  a  concentrated  aqueous  mixture  of  p., 
1  chloride  of  cupper  and  chloride  of  potassium.     Square-based  oetolieiliu. 

I  =KCl,CnCI  +  2An.  (Mitscherlich,)      Double  six-sided  pyrjmids.   (Jd 

L        queiain.)     Soluble  m  water  and  nlcoho).  (BeriteliuB,  Pfii;g.  13,  458;  * 
L     floollny,  J.  Pharm.  12,  GSOj  Graham,  Ann.  Ph-u-m.  29,32.) 


iSDLPHITR  OF  CUPROUS  O^JIDK  AND  SODA. 
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39-2     ,.„      27-61 

K 

Cu   

aci 

2HO   ,. 

39-2     ....     24-50 
32-0     ,...     20-00 
70-a      ....     44-25 
18-0     ....     11-8S 

J.cqnel»in. 
...     24-60 

fci :::::.. 

70-8      ....     49'8(i 

...     43-87 
...     11-82 

N.  Flfohidb  op  CoppEn  and  Potassium. — KF.CuF. — Pale  bluish  ■ 
green,  granular  crystala,  easily  eoluLle  in  water.  (Berzelius.) 


A.  CuPBic  OiiDE  WITH  Soda. — a.  HydrateofsndalikewUediuolves 
onprio  oxide  irheii  fused  witli  it.  (Berzclius.)  Cnprio  oside  ia  tilso 
slightly  soluble  in  aqueous  aoIuLion  of  aodu. 

B.  Carbonate  of  Cupric  Oxide  and  Soda. — a.  Aqneous  carbonate 
pf  sodn,  the  bicarbonate  more  especially,  dissolves  a  small  quantity  of 
euprio  oxide,  funning  a  pale  blue  solution. 

b.  Carbonate  of  soda  heated  with  cupric  oxide  on  ptatinum  before  the 
llowpipe  dissolves  it,  furmiDg  a  glass  which  is  ^een  while  hot,  and 
becomes  white  and  opaque  on  cooling.   (Berzelius,) 

c.  Bv  the  electrolytic  method  (1,  402),  bluish-green,  silky  needles  are 
obtaineil,  from  which  hot  water  extracta  carbonate  of  soda,  and  separates 
brown  cupric  i-arbonato.  (Becquercl.) 

C.  Boras  forms  with  cupric  oxide  in  tbo  outer  blowpipe- flame,  a  clear 
bluish-green  glass,  which,  when  hcAted  in  the  inner  Bame  — espe- 
cially with  the  addition  of  tin — is  decoloriied  by  formation  of  cuproua 
oxide,  but  nt  the  moment  of  solidification,  becomes  ecarlet-coluured  and 
opaque.  (Borwlius.) 

D.  With  Microcoemic  Salt,  cupric  uxide  forms  a  bluish-green  bead  in 
the  ontcr  flame;  and  this,  when  heated  in  the  inner  flame,  becomes  opaque 
and  red  or  brown-red  at  the  moment  uf  solidification,  if  the  quantity  of 
capper  is  considerable,  but  trausparent  and  ruby-red  if  the  quantity  is 
sm^l;  with  a  still  smaller  quautity  of  copper,  the  red  colour  is  not 
produced  without  the  addition  of  tin;  after  a  moment's  exposure  to  the 
itast,  the  colourless  glass  solidifies  on  cooling  to  a  red,  opaque  mass. 
(Berieliua.) 

E.  Htpositlphite  of  CupRors  Oxide  and  Soda. — Ouproio-iodie 
Bypontlpkitf. — a.  With  B  At.  Copper-mlt  to  2  At.  Soda-ialt. — A  cold 
aqueous  mixture  of  hyposulphite  of  soda  and  excess  of  cupric  sulphate  or 
acetate,  forms  in  a  short  time  a  thick,  egg-yellow,  crystalline  precipitate, 
which  must  be  quiekty  collected  on  a  (51ler,  washed  with  water  containing 
a  small  quantity  of  acetic  acid,  and  rapidly  dried  in  vacuo  over  oil  of 
vitriol.  The  formation  of  this  salt  ia  attended  with  the  production  of 
eitlphuric  acid,  a  fact  which  may  easily  be  verified  by  using  acetate  of 
cupric  oxide  in  t)ic  preparation  instead,  of  sulphate.  If  tbo  solutiims  are 
irarm  when  mixed,  a  brown  preci]iitate  is  formed;  the  yellow  precipitate 
likewise  turns  brown  if  the  filtering  and  washing  are  not  quickly  por- 
fonned, — also  when  it  is  gently  heated.  Oil  of  vitriol  docouigjosea  the 
nit  immediately;  dilute  sulphuric  acid  boiled  with  it  liberates  sul|iburiii\A 
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kcid,  thtowa  down  a  prrdpitat«  of  sulphide  of  oopper,  and  oicqniru  i 
l^'eenisli  co)'>ur  frum  dissolved  cupria  osido.  Cold  hydrochloric  BCtd 
converts  the  salt  into  a  white  mass  without  erolving  otod  a  trace  of 
sulphurous  acid;  but  on  the  application  uf  heat,  sulphurous  acid  is  given 
off,  sulphide  of  copper  precipitated,  and  cuprous  oxide  dissolved.  Canstie 
potash  separates  hydrated  ouproos  oxide  from  the  salt;  ammonia  diseolvM 
it,  funning  a  brown lah -yellow  soIuIiod,  which  soon  pu«^a  into  dark,  blue 
when  exposed  to  the  air. — The  salt  dissolves  spiringly  in  water,  easilj  in 
aqueous  hyposulphite  of  soda,  but  is  insoluble  in  alcohol.  (C.  Lent,  Jtnt. 
Pkarm.  40,  99.) 

INiO _ .__ «2-4  ....  11-08         ll-M 

SCi^O — „■— !160  ....  3834         37-37 

»S»0« ^.™_-...._..__„-.._i.„«. WO-0  .-,  42-S9        .„ 42-<7 

■BO    .w.„„ ..M -- <50  ....  7-99        8-86 

2(NaO,  aiO=)  +  3{Cu'0,S^')  +  hKt\.  icT*  Z.  10000  ZZ  lOO'M 

6,  1  At.  C«pper~saU  to  3  At,  SoJa-eall. — From  the  solution  of  a  in 
aqueous  hyposnlpliite  of  »Dda,  alcohol  throws  down  a  white  salt.  (C.  Leni, 
Bammelaberg,  Poffff.  56,  323.) 

aNnO ^ _...._ „ 936  ....      24-»2 3393 

Cu=0  720  ,..,       19-17         SOM 

iS'O' „ 1920  ....      H-12         SI-IT' 

2HO  - lao  ..-.         4-Tg 

3(N«0,S'0^  +  Ct^O,S'0*  +  8Aq 3756  ..„  100-00 

F.  Sulphate  of  Ccpkic  Oxtdb  and  Soda. — Cuprtco-todie  SuJphatt, 
— From  a  solution  of  blue  rilri-ol  and  Qlauher's  salt,  each  of  the  salts 
crystalliiea  sepanitely;  but  a  solution  of  blue  vitriol  and  bisnlphato  of 
soda  yield's  Glauber's  Ealt  and  blue  vitriol  separately  at  Grst,  but  after- 
wards small  crystaJs  of  the  double  salt  united  into  a  crust;  they  appear 
to  contain  2  atoms* of  water.  The  salt  may  be  easily  dehydraled,  lusei 
at  a  cummenoiug  red  boat  without  losing  acid,  and  on  coolinu  solidifies 
in  a  blue  mass  which  does  not  decrepitate  like  the  potassic  double  salt. 
The  salt  deliquesces  slowly  io  the  air,  and  is  decomposed  by  water  Into  the 
two  simple  salts.  (Qrabam,  Fhil.  Mag.  4,  420.) 

0.  DicnLORiDE  07  Copper  A^D  Sodidm. — Cuproio-sodie  Chloridt.—' 
Obtained  by  Becquerel  {I.  401j  by  the  electrolytic  method  in  transparent 
and  colourless  octohedrons,  which  turned  green  when  the  experiment  wis 
continued  for  a  considerable  time.-— Bichloride  of  copper  dissolves  abim- 
dantlyjin  solution  of  common  salt,  forming  a  colourless  liquid,  whioh  jfivos 
an  orange-yellow  precipitate  with  alkalis  and  white  with  ferrocyanide  of 
potassium.  (Qoussinj^ult,  Ann.  Chim.  Fkyt.  51,  352.) 


Coppsa  AND  Bariuu. 

A.  Alloy  op  Copper  and  Barich! — a.  Clarke  (Oilb.  62,  974) 
obtained  a  golden  yellow  alloy  by  heating  copper  and  barium  together 
before  the  osy-hydrogen  blowiiipe. — 6.  Lampadius  (i'ckw.  15,  148)  by 
heating  to  whiteness  4  parts  of  baryta  with  4  copper  and  I  charcoai-duet, 
obtained  a  substance  which  crumbled  to  pieces  when  exposed  to  the  air, 
beln^  resolved  into  baryta  and  cupric  oxide.  (1) 


COPPER  AND  MAG:«ESIUM. 


B.  Cupric  Oxide  willt  Barytal —  Cuprio   oxide  precipitated 
Bointion  by  baryta,  carries  down  with  it  1  or  2  per  ceut.  of  ' 

irbioh  cannot  be  extracted  by  water.  (Qrourello.) 

C.  Sdlpbide  of  CoPFEit  AND  Bariitu. — 10  parts  of  ignited  blue 
vitriol  bested  to  whttenesa  iu  a  charcoal  crucible  with  5  parts  of  eiilpbato 
of  baryta,  yield  8-1  parts  of  a  fused,  compact,  brittle,  distinctly  lainiiiar, 
Jead-grey  metallic  eulphiJa  coutuuiDg  a,  few  gmina  of  copper,  and 
efflorescing  rapidly  in  the  air. 

>,  DiCHLOBiDB  OP  Copper  and  Baridh, — Becquerel  obtained  this 
salt  by  the  electrolytic  method.  (1.  400.) 


)d  from        ^H 

baryta,  ^H 

I 


Copper  and  Calcium. 

Cwprle  Oxide  iBiih  Lime? — Lime  withdraws  cupric  oxide  from  its 
Klution  in  ammoDia.   (Kuhlmaun,  Ann.  Pharm.  41,  227.) 

I,  ScLPiiiDB  OP  Copper  and  Calcium. — 10  parts  of  anhydrous 
oaprio  sulphate  aud  R  ports  of  orygtallized  gypsum,  heated  to  whiteness  in 
s  charcoal  crucible,  yield  I347  parts  of  a  well-fused,  bliatered,  lead-groy 
metallic  sulphide,  with  granules  of  copper  imbedded  in  it;  when  this 
mlutance  is  treated  with  acetic  acid,  sulphurettod  hydrogen  is  given  off, 
and  nothing  but  the  lime  ia  dissolved.  (Berthier.) 

C.  One  atom  of  fluorspar  and  1  At.  blue  vitriol  heated  together  to 
;ht  rcilncss,  form  a  thin  licjuid  which  yields  on  cooling,  a  compact, 
ite  mass  (with  a  slight  tinge  of  brick-red  proceeding  from  a  email 

ntity  of  liberated  cupric  oxide),  which  has  a  shining,  cryBtallo-gramilar 
are,  and  from  which  water  extracts  cupric  sulphate.  But  at  a 
■tronger  red  heat,  the  sulphuric  acid  goes  off  in  a  decomposed  form,  and 
iEwre  remains  a  mixture  of  fluorspar  and  cupric  oxido.  ^Beitluer,  ^nn. 
Chim.  Phyt.  43,  300.) 


Copper  and  Maonesium. 

A.  ScLPniDE  OF  CoppEii  AND  Magnesiuh, — Obtained  by  beating 
blue  vitriol  and  sulphate  of  mngneaia  to  whitencea  in  a  charcoal  crnoible. 
!^e  fused  mass  contains  magnesia  in  a  state  of  mechanical  mixture. 
{(Berthier.) 

B.  Sulphate  of  Ccpric  Oxide  and  MAaNBstA.— 'Crystallites  in  the 
irm  of  ferrous  sulphate  with  7  atoms  of  water,  if  the  magnesia-salt  is 

'in  excess,  and  in  the  form  of  cupric  sulphate  with  5  atoms  of  water,  if 
.tte  oopiwr-aalt  is  in  excess.  (Mitscberlich.)  Sulphate  of  magnesia  dis- 
kolvea  c^uickly  in  a  satnratcd  solution  of  blue  vitriol,  and  tbe  undissolved 

loTtion  of  the  magnesia-salt  is  gradually  converted  Into  the  double  salt. 

Karston.) 

C.  SPLpn^TE  OP  Cdpkio  Oxide,  Maqnrsia,  and  Aumoma. — 
Separates  from  an  aqueous  mixture  of  sulphate  of  magnesia  and  ammonia. 


r 


anil  Hulphate  nr  cupric  oxule  and  ammonia,  in  pale  b1a«  oiystrj.'s,  httnojt 
the  fortu  of  iiulpbat»  of  magnesia  and  nmiiionia.  (Bett«,  Jnn.  Pkar^ 
14,  284.) 

(NU'O,SO»  +  MgO,SO'  +  6Aq.)  +  (Na'0,SO'*CuO,8O»*6Aii.) 


2NH*.-.. 
HsO_.. 
CsO  ... 
4SO»  ., 
WHO  . 


BeUe. 

8-9S         8'20 

S'JS         4-54 

10-15        10- 7B 

42-11         40-96 

33- IS  34-32 


ring      I 
irii.      I 


lOOOO 


looao 


A.  Aluminate  op  Cppric  Oxidk. — Precipitated  on  mixing  B  with 
ftmmonia,  an  excess  of  tliat  reageut  not  being  ablti  to  extract  the  cuptie 


B.  Fluuridb  op  Aluminux  and  Coppbb.  — 
bluieh-gKen  lliydrntcd  1]  needles,  rery  slowly  bnt  i 
water.  (BcMelius.) 

Copper  and  Zibconium. 


CuF.AI'P.  — Pal. 
Dinpletely  soloble  in 


When  a  salt  of  tirconia  mixed  with 

,  lonia  in   excess,  tbo  xiroonia  carrif* 

down  tijo  cupric  oxide,  which  eaunot  bo  extracted  by  ammonia,  Mil 

itb  it  a  sky-blue  precipitotc,  wbich  beeomes  emerald -green  afUr 


ZiBCD.vATe  OF  Ci'PRic  Oxide, 
a  cupric  salt  is  preoijiitated  bj 


ignition.     While  yet  moist,  it  gi' 
Wnate  of  am  moo  i  a,  hut  is  u  ' 
oxide  is  not  separated  by 
Phya.  48,  IOC.) 


up  part  of  its  cupric   oxi^e  to  c 

:ipletely  decolorised  by  it.     The  cnprie 

or  acetic  acid.  (Berthier,  Ann.  Clam, 


CoPPElt   AND  SiLICIITM.  ^^1 

A.  SiLiciDS  OF  Copper. — «.  Silicium  may  bo  fused  into  a  ductile  \t3^ 
with  copper  befure  the  blawpi|)o,  atid  the  alloy  thus  formed  leave*  * 
siliceous  skeleton  when  dissolved  iu  acids.  (Berielius,  Pogg.  I,  220.) — 
6.  By  heating  copper  to  intense  whiteueM  with  silica  imd  char«iil 
powder,  a  compouna  is  obtained  containing  a  small  quantity  of  o 
and  perfectly  soluble  in  ocjds;  the  solution  when  evaporated  yields  5b 
cent,  of  silica.  (BerBclius,  Gilb.  36,  100.) 

B.  Silicate  op  Cupric  Oxide,  or  Cupric  Silicatb. — a.  Mono^l^ 

— a.  Mono-kydi-ated. — Emerald  Cupper,  or  Bioptasf. — Crystallin< 
the  rhomboliedral.  Primary  form  an  obtuse  rhombobedron ;  Fig.  1 
r*  ;  r°=126^  17';  leas  obtuse  rhombobeilron;  r^ ;  1^=05"  48',  often  1 
truncated  lateral  edges.  Fig.  145.  Specific  gmvily  S-S'TB. 
hardness  of  apatite. — Transparent,  emerald -green.  Turns  black,  front 
of  water,  in  the  outer  flume  (gteen  in  the  inner:  KoheU),  and  red  itt 
inner,  without  fusing,  With  a  small  quantity  of  carbuimte  of  soilfl 
cbarcoui,  it  yields  a  turbid  red  glojw,  together  with  a  bead  of  copper;  ' 
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E.  and  F.  Caproiu  oxiJe  foTms  with  glaes-flnxw,  soiB«tJinM  blooj- 
red  and  ttuntipareiit,  BuniftimoB  Lrown-red,  opaqno  dibsmis.  Cnpne  oiiJe 
imjiarts  to  gUas-fluxea  a  bluo  or  greenbh-blae  colour  withoot  diDunuting 
tboir  tnuujianiiicy. 

Copper  akd  TrtAsiDM. 

Fluoriob  op  TrrANiCM  and  Copper. — ffydraUd.— Formed  Lv  nui- 
ing  the  two  eimplo  salts.  Long,  pale  blutsh-groen  needles,  whicn,  witJi 
tlio  exception  of  tlio  colour,  pprfcclly  reaemblc  tho  fluoride  of  titanium 
nod  mn^esitun.  (III.  487.)  They  dissolve  in  pore  water  with  partitl 
di.'camposilioti,  easily  and  completely  in  actdalated  water.  (Benelius.) 

Copper  juio  Tdnosieh. 

A,  TiTNasTiDS  op  Copper. —  Brownish  copjicr-coloured,  porous, 
tvleittbly  extcnaible. 

B.  TusnaxATK  op  Ci-pric  Oxide,  or  Ccpric  Tcmgstatb,— a.  Mtmo- 
tungtUUr. — Cuprip  sails  throw  down  from  monotungstalc  of  potash  ali^t 

Eruvti  powder,  which  turns  yellon-ish-brown,  and  gives  off  lU  water  •rbeo 
oated — fuses  at  a  red  beat — and  on  cooling,  solidities  in  a  chocobit«- 
coloured,  erystaUine  maaa,  having  in  its  caTitiet  crystalline  ^odes,  whidii 
when  examined  by  the  microscope,  are  found  to  consist  of  tranepttmit 
bix^idcd  prisms  of  a  doep  wine-yellow  eolonr.  The  unignited  salt  i> 
inaulublo  in  water,  but  after  continued  washing,  pa.9ses  through  the  filtsr 
aoil  renders  the  filtrate  milky.  It  dissolves  in  phoephorio  acid,  Mctic 
acid,  and  unmouia,  but  nut  in  oxalic  aoid.  (Anthon.) 

/yn'fnf.  Antbon.  Dritd  in  Iht  *ir.  AdOm- 

CaO *0    ....    2S    ....    2584  CnO *0    .,„    22*4?  -..    » 

WO" 120    ,.,.     76     .„.     74-16  WO* IM     ,.-.     67'42  ....    SS 

JHO IS     ...     1011  ...    U 

CuO.wo*   160    .„.  100    ....  loooo  +aAq ue   ....  loo-oo    ....  im 

b.  BUunifitat^. — The  light  green  precipitate  obtained  with  an  allialiiw 
liitnngstato,  turns  brown  and  gives  off  water  when  ignited,  fnsing  pa^ 
tially,  throning  out  cauliBower-liko  excrodCDnccB,  and  finally  nssamiiig  a 
dark  leiut-grey  colour.  The  unignitcd  salt  when  digested  in  nitric  »ai, 
swells  up  in  a  gelatinous  form,  bnt  does  not  dissolve.  It  is  likmria 
insoluble  in  water,  but  eolubls  in  aminouia.  (Anthon,  J.  pr.  CAflk 
9,  346.) 

IpiiltJ.  Anthon.  Driti  m  M«  ofr.     AnthN. 

CnO 40  ,.„  1429    ...  13S4  CnO  40  ...  12-66  ....  K 

2WO» 240  ....  85-71  ....  86-J6  2WO" 340  .,.,  7SSS  ._  « 

4HO  36  ....  11-39  _  19 


CuO,2WO>     280  .    lOOOO  ....100-flO  +4Aq.     ..     316  ...lOOOO    .  IM 

C.    Cxjpt 

tato,  which  I 
(Berielius.) 


C.    CupHic  SuLPnoTCNOsTATE.  —  CnS.WS'. — Liver-oolonred  precjpi- 
'  which  assumes  a  dark  brown  colour  when  collected  on  the  ^Icf. 


Copper  and  MoLTDDEtoDi. 

A,  MoLYBOlDB  OP  Copper. — Palo  cojiper-reil ;  mallealile  if  the 
lolybdetiQiii  is  npt  in  oscess.  (Hielm.) 

B.  MoLYDDATB  OF  Cdpkio  Oxide,  or  Cupric  Molybdate. — Yel- 
kwieb-gTcen  precipitate,  apariugly  soluble  in  water,  decompoaed  by  acicla 
knd  by  alkalis.  (Berzeliua.) 

CdPRic  ScLpaoMOLTBDATE. — CnS,MoS'. — Black-brown    precipi- 
tate. (Berzeliud.) 

D.  Cpprio  PEiieiju>HOMOLYBDATE.—CuS,MoS*.— Dark  red  preoipi- 
i&to,  which  torna  Lrown  when  collected  oq  tho  filter.  (Borzelins,  Pogs- 

"  287.) 

CoFPEit  AND  Vanadium. 

Vasadiate  op  Cupbio  Oxide,  or  Ctjpeic  Vanadiate, — a,  Mono- 
!. — An  aqneous  mixture  of  a  coppor-salt  with  an  alkaline  mono- 
Jate,  yiolils,  on  the  addition  of  alcobol,  a  yellow  precipitate,  which 
winhle  in  water,  and  whuu  the  water  is  ovapor&tod,  remains  in  the 
of  a  dark  yellow,  amorphous  iua«a. — BivanadiaU. — Separates  gradn- 
ty  from  an  aqneoua  mixture  of  blue  vi  triol  and  bivanadiate  of  potash,  in 
le  form  of  a  yellow,  cryetalline  crust.  (BorEclius.) 

Yolborthite  appears  to  be  a  basic  Vanadiate  of  Cuprie  Oxide.  Ollvo- 
needles  nnited  in  tufts,  yielding  a  yellowiflh-green  powder.  Specific 
gnvity  S-55.  Turns  black  and  gives  off  water  when  heated.  Fuses  ea«ilv 
in  charcoal  without  fume  or  deposit,  and  when  more  strongly  heated, 
DBdifiea  in  the  form  of  a  graphitic  slag,  containing  granules  of  metallic 
tepper.  With  carbonate  of  soda  on  charcoal,  it  immediately  yields 
'copper.  Dtseolvea  in  borax  or  microcosniic  salt,  producing  a  beautiful 
gmm  colour.  Heated  with  not  too  large  a  quantity  of  microcosmic  salt 
on  platinum  wire,  it  forms  a  grceu  glass  in  the  inner  flame  and  yellow  in 
the  outer,  these  colours  becoming  brighter  un  cooling;  with  tin,  the  bead 
tteoODtcH  red-brown  and  opaque. — Dissolves  in  bydrochlorio  acid  with 
•volalion  of  chlorine;  the  solution  in  moderately  strong  nitric  acid,  when 
kft  ovor-nigbt,  deposits  brick-red  vanadie  acid.  Insoluble  in  water. 
JHw«t,  /.  pr,  Ckaii.  14,  52.) 

Copper  and  CnBoMiuM. 

C&ROMATE  OF  CfPRic  OxiDE,  or  CcPHio  Chbomate. — o.  With  a 
great  exew  of  Base  ? — Prepared  as  a  fine  green  colour  by  the  following 
inetho«ls:  1.  By  adding  2  parts  of  pcnrl-ash  and  1  part  of  chalk  to  a 
Bolntion  of  48  pta,  blue  vitriol  and  2  pts.  bichromate  of  potash,  pressing 
the  precipitate  to  expel  the  greater  part  of  the  water,  and  tlion  drj-ing 
ftnd  rodncing  it  to  powder.  The  colour  is  not  so  fine  as  that  uf  Sehwein- 
jfort  green.  (Jach,  J.  pr.  Clifw.  20,  204.)  [According  to  these  propor- 
'tioDs,  the  precipitate  niiglit  oonlain  2  At.  euprio  oxide  to  1  At.  cbromio 
acid.  The  prescribed  quantity  of  cuptic  oxide  appenre  to  be  much  too 
lly  adding  ammonia  to  a  KoWlon.  if  1  \^R>-  VaV» 


Urge.] — 2,  By  gradually  adding 
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vitriol  imA  1  pt.  bichronute  of  potash,  nt  a  t«inpaTataie  between  20~aaJ 
90°,  till  tLe  ml-browa  precipitate  [of  salt  b  l\  produced  at  first,  bc^i  to 
turn  ^^11 ;  if  too  mucli  amraoDia  vere  addeJ,  the  precipitate  woald  Jit- 
solve  aiul  furm  a  green  solution.  When  the  tempentture  and  tlio  ijaantilf 
of  ftmniotiia  are  rightly  ndjuEted,  the  colour  is  very  brilliaot ;  the  prea- 
pituto  pniduced  u,t  too  blgb  or  too  Ivw  a  temperature  lo3C8  all  its  cbromi« 
acid  during  wiuhing,  and  ia  converted  into  the  blue  bydrated  oxide. 
(Leykftuf,  J".  ;jv.  Chem.  22,  448.) 

o,  Basic  1 — 1.  HoQocbroniato  of  potaeb  forma  with  neutral  copp?> 
salts,  a  yellowiiih-brown  preeipitat-e,  becoming  chcstnut-bron-n  when  dry. 
(Vauqnelin.)  After  complete  washing  with  hot  water,  the  salt  asaamo 
a  lighter  i^olonr,  and  when  perfectly  dry,  becomes  yellowish-brown,  Ulca 
hydmteJ  ferric  oxide.  (Bottgcr.)  When  monocbromate  of  pota«h  it 
dropped  into  a  boiling  solution  of  blue  vitriol,  the  blue  colour  chaogM 
through  grpcu  and  yellow  to  red,  whereupon  a  brown  precipitate  is  pro- 
duced, ivhich  Gnally  becomes  dark  red-brown.  (Bensch,  Po^g.  55,  9T-) 
Boiling  water  extracts  from  the  precipitate  a  large  quantity  of  bichronmlt 
of  potaah.  (Gu.)  2.  By  treating  carbonate  of  cupric  oxide  with  exoesa 
of  cbrouiic  acid,  the  salt  ia  obtaiaed  with  a  yellowish-brown  oolonr. 
(Biittger.)  Potash  or  soda  withdraws  all  the  chromic  acid  from  thiseall, 
separating  the  blue  hydrated  oxide  in  the  cold,  and  the  black  anhydroos 
oxide  at  ulgher  temperatures.  Diiasolve9  easily  in  dilute  nitric  acid,  and 
likewise  in  ammonia,  in  which  it  fornix  a  green  solution. 

Normal  talt  f — Bichromate  of  potash  does  not  precipitate  cupric  salts. 
The  solution  of  hydrated  cupric  oxide  in  aiiueous  chromic  acid  yields  bj 
alow  cvaporation^during  which  it  effloresces — transparent  green  crystals, 
baring  the  form  of  blue  TJtriol  aud  a  density  of  2-262;  they  coutain  33-S 
per  cent,  of  watrr.  These  crystals  turn  white  when  dehydrated,  and  if 
subsequently  moistened  with  water,  become  very  hot  and  recover  their 
green  colour.  They  are  easily  soluble  ia  water,  but  insoluble  in  alcoboL 
(Kopp,  Ann.  I'harm.  42,  98.)  The  author  did  not  succeed  in  obtaining 
this  ^t.  Tho  carbonate  of  cupric  oxide  dissolved  sparingly  in  aqueous 
chromic  acid,  and  the  brownisH-ycllow  solution  yielded  on  evuporation  a 
nou-cryatalline  residue,  from  whicii  water  extracted  chromic  acid  with  a 
small  quantity  of  cupric  oxide,  leaving  a  dark-green  powder.  (Gm.) 

B.  CDPito-CHROMATE  OP  Ammonia. — Monochromate  of  cupric  oxida 
yields,  with  aqueous  ammonia,  a  beautiful  dark  green  solution,  which 
does  not  lose  its  colour  by  eipoeure  to  light,  and  again  yields  cupric 
chromatc,  both  on  evaporation  and  on  the  cautious  addition  of  acid. 
(Vuallart,  J.  FkaTm.  10,  607-)  The  green  solution,  if  covered  with 
strong  alcohol,  depoeits  cupro-chromate  of  ammonia,  in  tho  form  of  a 
dark  green  powder,  which  must  be  collected  on  a  filter,  and  then  washed 
with  alcohol.  It  decomposes  when  kept  for  some  time.  In  hot  water  it 
is  resolved  into  chromate  of  ammonia,  which  diijsolvea,  and  a  light  green 
powder,  which  evolves  ammonia  when  treated  with  potash^  and  ia  tbe^H 
fore  a  basic  double  salt.  (R.  Bottger,  BeUr.  2,  77.)  J^| 


Uhasico-cuphio  Phosphate. — CkalkolUe,  Kupferwranglir 

inorpbous  with  Calcareous   Uranite.  (IV.  191.)      Siskin-grei 

tJjfl  blowpipe  it  behaves  like  ealcareoua  uranito,  but  when   heated 


^ 
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precipitated  by  a  solution  of  arsenions  acid  in  excess  of  carbonate  of  potash, 
80  that  carbonate  of  cupric  oxide  becomes  mixed  with  the  precipitate. 
To  prepare  Mineral-green^  100  parts  of  bine  vitriol  are  mixed,  first  with 
a  solution  of  10  or  12  parts  of  arsenions  acid,  and  then  with  excess  of 
caustic  potash-ley,  prepared  from  90  parts  of  poarl-ash  and  80  of  lime. 
This  pigment  is  dark  green,  and  has  a  conchoidal  fracture.  (Gentle.) 

(With  respect  to  Schtoeif{fltrt  green,  Vienna  green,  and  MUis-green,  Tid.  Acetic 
Acid.) 

h.  Acid  ArseniUs — The  solution  of  cuprio  carbonate  in  excess  of 
aaneous  arsenions  acid  is  not  precipitated,  either  by  acids  or  by  alkalis; 
woen  eyaporated,  it  leaves  a  yellowish-green  salt.  (Berzelius.) 

C.  Arseniate  op  Cupric  Oxide,  or  Cupric  Arseniatb.— a.  Octo- 
hatic  f — JSuchlorose,  Copper-mica, — Crystalline  system  the  rhombohedral. 
Acute  rhombohedrons  considerably  truncated;  Fig.  153;  r*  :  r*=68°4r. 
Cleavage  distinct  parallel  to  p.  Specific  gravity  varying  from  2*5  to  2*6. 
Soft,  transparent,  emerald-green.  Decrepitates  strongly  before  the  blow- 
pipe, the  flame  being  coloured  green  by  the  detached  particles.  On  char- 
coal it  fuses  without  detonation,  but  with  emission  of  arsenical  fumes, 
and  forms  a  grey,  brittle,  metallic  globule,  which,  by  a  second  fusion,  with 
the  addition  of  carbonate  of  soda,  is  converted  into  malleable  copper. 
{v.  Kobell.) 

Euchlorote,  Cheneviz.        Vsuquelin. 

8CuO 320      ....      58-93        58        ....        39 

AbO* 115       ....       21-18        21         ....        42 

12H0    108      ....      19*89        21        ....        17 

8CuO,A80»+12Aq.....       543       ....     10000        100        ....         98 

6.  Pentabasic, — «.  Bi-hydrated. — Erinile, — Formed  of  concentric 
scales  with  rough  surfaces  formed  by  the  ends  of  very  small  crystals. 
Specific  gravity  4043.  Dull;  translucent  on  the  edges;  emerald-men 
inclining  to  apple-green.  (Tumor,  Edinb,  J.  of  Sc.  9,  93;  also  jrogg, 

14,  228.) 

Erinite,  Turner. 

5CtiO 200      ....      6006  5944 

AsO* 115       ....      34-54  33*78 

2HO 18       ....         5*40  5*01 

APO> ^'17 

5CuO,A80»  +  2Aq 333       ....     10000        10000 

0.  Penta-hydrated. — Aphanese,  StraMenkupfer. — Under  this  name 
are  included  two  minerals,  in  one  of  which  two-thirds  of  the  cupric  oxido 
appear  to  be  replaced  by  ferrous  oxide.  The  supposition  of  Chcnevix 
(Phil.  Trans.  1801,  201;  also  A.  Gefd.  2,  131\  that  the  iron  in  this 
minend  is  in  the  form  of  ferric  oxide,  is  improbable. 


CuO  

At. 
5 

1 
5 

•  ••• 

•  ••• 

•  ••• 

Aphanen 

200 

.... 

115       .... 

40        .... 

f. 
55-56 

31-94 
12-50 

CheneTUc. 
54 

FeO  

AsO*    

•«••••.        oU 

HO    

16 

5CuO,A»0*  +  5Aq 

360 

•  ••• 

10000 

100 

472  -  OOPPIR. 


CnO  

FeO    

At. 

2       .. 

3 

80 
108 
115 

45 

fkmu 

•••• 

•  ••• 

•  ••• 

we, 

22-99 
31-03 
33-05 
12*93 

Fe=0» 

•••••••• 

CuBIICIII 
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27-5 

AsO»  

HO    

Qaartz    

1       .. 

5       .. 

33-5 
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3-0 

348 

••*• 

10000 
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y.  Deca-hydraUd. — Leirochrotte,  Kupfersehaum. — Fonned  of  diveigiiig 
fibres.  Specific  gravity  309.  Very  soft;  translacent;  of  a  light  Ycr- 
digris-green  coloar.  Decrepitates  strongly  in  the  flame  of  a  candle, 
colouring  it  green  by  the  scattered  powder.  When  held  in  the  forceps, 
and  heated  by  the  blowpipe-flame,  it  tnms  black,  and  fuses  into  a  steel- 
grey  bead.  On  charcoal  it  fuses  quietly,  exhibiting  a  slight  intumescence 
only  after  a  long-continued  fusion;  it  then  likewise  emits  an  odour  of 
arsenic,  and  on  cooling  yields  a  non-crystallizing  globule,  which  becomes 
continually  more  difficult  of  fusion,  and  acquires  a  brownish  surface. 
With  carbonate  of  soda  it  yields  an  imperfectly- fused  mass,  in  which 
metallic  globules  are  enclosed.  Evolves  carbonic  add  slowly  when 
immersed  in  cold  hydrochloric  acid,  rapidly  in  the  same  acid  when  heated. 
Dissolves  in  ammonia,  leaving  a  residue  of  carbonate  of  limo  (v.  Kobell, 
Kattn.  Arch.  23,  96;  also  Foffff.  18,  253). 

Leiroehroite,  Or? 

At  At.  Kobdl. 

CuO  5  ....  200    ....     49*38             5  ....  200  ....  4395  ....  43*88 

AsO* 1  ....  115     ....     28-40             1  ....  115  ....  25-28  ....  25*01 

HO    10  ....     90     ....     22*22  10  ....  90  ....  19*78  ....  17-46 

C«0,CO» ....                          1  ....  50  ....  10*99  ....  13-65 

5CuO,A»O*+10Aq.  405     ....  100*00  455     ....  100*00     ....  10000 

In  the  second  calculation,  the  carbonate  of  lime  is  estimated  as  an  essential 
constituent;  according  to  this,  the  mineral  will  be:  OaO, CO' -h 5CaO, 
AsO'-f  lOAq. 

c,  Quadroba^ic, — a.  Mono-hydrated, —  Olivenite, — Crystalline  system 
the  right  prismatic.  Fig,  54  and  other  forms  :  u  :  w'=87°  30';  i  :  \ 
hehind=z'\  10°  50'.  Specific  gravity  from  4*28  to  4*4.  Hardness  equal  to 
that  of  calcspar.  (Haidinger.)  Transparent,  and  of  an  olive-green  colour 
Inclining  to  yellow  and  brown. — When  heated  in  a  glass  tube,  it  gives  off 
a  small  quantity  of  water,  but  no  arsenious  acid.  Held  in  the  forceps 
before  tbe  blowpipe,  it  fuses,  imparts  a  pale  blue  colour  to  the  flame,  and 
on  cooling,  crystallizes  in  the  form  of  a  black  brown,  radiated  mass, 
having  an  adamantine  lustre,  and  covered  on  the  surface  with  a  network 
of  prismatic  crystals.  On  charcoal,  it  deflagrates,  emits  a  strong  odour 
of  arsenic,  and  yields  a  somewhat  ductile  regulus,  brownish  on  the 
outside  and  white  in  the  middle.  (Kobell.)  The  mineral  is  soluble  in 
nitric  acid  and  in  ammonia. 

Richard-        Klap-  Cbe- 

Olivenite,  from  Cornwall.      Kobell.  son.  roth.  nctix. 

28CuO 11200  ....  57-60  ....  56*43  ....  562  ....  50*62     .      60*0 

6AsO* 6900  ....  35-48  ....  36*71  ....  39*9  ....  4500    ....    397 

PO^ 71*4  ....  3-68  ....  3-36 

7HO    63*0  ....  3-24  ....  350  ....  3*9  ....  350 

^PO»/+Aq!*  }     ^^^^'^     ""  ^^^'^®    ••"  ^^^'^^     •*"  ^^O'O    *  •     5»*J2    ....    99-7 


4CuO,AsO'  +  ;Aq 33B         ....       )00-00        ....         89-67 

y.  Deea-hi/draUd. — Liroconile. — Crystalline aystora  the  riglit  prismatic; 
^.  63,  with  tlie  y-lamei  enlarged  ao  as  to  obliterate  the  p-iaao;  ti  ;  u'^ 
Jfl"  45';  y  ;  y,  hekind=^\(i&''  1'.  Specific  gravity  2'92.  Harder  than 
rpsuni.  Trauspareiit,  and  of  a  sky-blue  colour  inclining  to  verdigris- 
green.  When  heated  it  does  not  decrepitate,  Imt  tnma  snialt-blue,  after- 
wards light  green,  and  at  a  red  heat  greyish -green.  When  held  in  the 
breepB,  it  colours  tlio  blowpipe-flame  bluiHh-greun.  On  <!harcoal  it  fusea 
mperfectly  and  with  slight  intumescen-ce,  forming  a  brownish  Blag  whicli 
lontaina  white  granules  of  metal.     With  carbonate  of  aoda  it  yields  a 


CUPRIC   ABSENIATE, 

p.  ffepbt-hydmied. — Euehrotle. — Crystalline  eyetom   the   right  pris- 
matic.    i''iff.  74,  together  with  p-faces   and  others.     Transparent,  and  of 
a  light  emerald-green  colour.  (Haidinger.)     At  a  temperature  somewhat 
below  redness  it  gives  off  its  water  without  decrepitation,  and  becomes 
ilingy  green  and  friable.     On  platinum  iu  the  outer  blowpipe-flam e  it 
doea  not  fuse  till  heated  above  the  melting  point  of  glass;  orystallizea  to 
greenish-brown  masa  on  cooling.     On   charcoal  it  fuses  readily,  defia^ 
"ating   immediately,  and  giving  oS*  an  odonr  of  arsenic ;    after  lung- 
ratinued  blowing,  it  yields  a  globule  of  metallic  copper.     Heated  to 
edness  with  charcoal  powder  in  a  glass  tube,  it  yields  a  sublimate  of 
"  mic  and  arsenious  acid.     Diesolvea  easily  ia  nitric  acid. 


4CuO 
A«0*  ... 
7H0-... 


Turner. 
47-85 
3302 


ionii -malleable  button  of  copper  containing  ai 
ns,  100;  Trolle  Wnchtmeiater,  /%;?.  25,  305.) 


,  {Kobell,  KaHn.Arch, 
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iCuO(A80';  PO')  + 10  Aq.  +  ( Al=0';  Fe'O'),  Aq.     The  hydrate  of  alumina 
id  hydrated  ferric  oxide  ought  perhaps  to  bo  regarded  as  accidental. 

d.  Terbasic. — Proeipitatcd  on  mixing  a  ouprio  salt  with  diarseniate  of 
junmouia,,  potash,  or  soda,  the  liquid  acquiring  an  acid  reaction.  (MiU- 
'cberlich.) — Pale  bluial-grcen  precipitate.  Gives  off  water  whon  heated, 
•nd,  at  a  higher  temperature,  fuses  iuto  an  olive-green  mass,  without 
I«compositioTi,  excepting  where  it  is  in  contact  with  the  charcoal. 
Pronet.)  Before  the  blowpipe  ou  churconl  it  yields  a  button  of  copper. 
8imon.)  Insoluble  in  water,  but  soluble  in  the  stronger  acids  and  Jn 
tunmonia.  Sulphurous  acid  likewise  dissolves  it  without  formation  of 
ODproue  oxide.  (A.  Vogel.) 

Whether  the  precipitate  which  free  arsenic  acid  forma  in  acetate  of 
enpric  oxidoj  and  the  bluish-white  powder  produced  by  the  action  of 
Br«enic  acid  on  copper  in  the  air,  likewise  belong  to  this  nead,  is  not  yet 
olearly  ascertained. 

Chenevis  obUiued  blue  rhonibohedral  crystals,  by  mixing  nitrate  of 


8imi 


niprie  Olds  with  i 
pcvd^Ute,  and  mizi 


MBiate  of  uuraoaia,  Kpftntiog  the  lipoid  btaa  fl 
g  it  witli  alcoLiol  &fUr  evaporfttion. 


D.  Cmur  StrLPnABSiairrE.— a.  TVelnsAone. — IZCaS.AsS*. - 
■BUM  iiMirwitlM'l  m  the  form  of  »  red-bromi  masa,  when  hydrateil  cuprio 
axida  n  uUed  to  nooobanc  eulphaneniate  of  potaaiom,  tiu  tho  coluuc  of 
Utt  forawr  b  no  longer  altered  (iV.  293). 

6,  TrrtKuic — 3CiiS,  A»S'. — On  adding  hydrochloric  acid  to  the  hy»- 
aBth^red  solution  a,  this  Fomponnd  is  precipitated  in  light  brown  Aikm, 
while  chloride  of  potassium  and  hydrochlorate  of  anenions  acid  remain 
in  the  liquid. 

t.  BibitMc — 2CnS,AsS'. — Formed  by  precipitating  a  cupric  salt  with 
luhaaic  ialphaneniie  of  eodinm. — Black-'bruwn  precipitAte,  which  acqnitei 
a  tnetal-grey  aspect  by  tritoration.  When  subjected  to  distillation,  it 
fiiHt  f^yos  off  sulphnr,  then  teisalphide  of  arsenic,  and  leaves  a  semi' 
faaed,  tamefied  mct&l-grej  anbelanoe,  probably  a  compoand  of  bieulphide 
of  arsenic  with  dienlpUde  of  copper  :  Cuprmu  ffyposulpAarseniU.  (fler- 
»lins,Pc^.  7,  M8.) 

E.  CrPBic  SuLpn^KSEMATR.— 2CnS,AeS'. — Snlpharseniato  of  sodiau 
diwolvt^  in  water  yields  with  cupric  salts  a  dark  brown   precipitate, 
which  tarns  black  in  drying.     This  componnd  ia  likewi^  precipitated 
uB   passing  salphnretteJ    hydrogen   throogh  acid  Eolotiuna    containing 
arsenic  acid  and  capHc  oxide;  if  tho  ar^nic  acid  is  in  cscties,  the  brown 
sulphur-salt  if  first  precipit&ted,  and  then  the  yellow  pentasulphido  t 
anenic.  ^Bcnelius,  Po^.  7,  22.)     When  a  precipitate  of  this  kind  j 
trcatcil  with  hydrosnlphate  of  ammonia,  not  only  is  the  sulphide  of  arson 
dissulred,  but  Hkewi^  by  its  interreotion,  a  large  portion  of  the  sulphi 
of  copper  (Authon,  Iteprrl.  ~G,  ISJ.)     Very  dilate  ammonia  likem 
estiacls  the  sulplude  of  arsenic,  stronger  amniouia  acijuires  a  brown  U 
by  taking  up  some  of  the  sulphide  of  copper.  (Qm.) 


COPPEK   A*(D   AnTIMOST. 

A.  AntimouideofCopper.— Formed  by  fnaing  copper  with  antimoin 
combination  then  tubing  place  without  visible  combustion, — or  wili 
sulphide  of  antimony,  whereupon  sulphide  of  copper  is  produced  at  tbe 
same  time. — 0*15  per  cent,  of  antimony  makes  the  coppier  soracwbat 
brittle  when  cold,  and  very  brittle  nt  a  red  heat.  (Karetcu.) 

B.  Ajmjiosic  Oxide  with  Cupbofs  Oxide. — Called  copper-mica  by 
tbo  workmen. — This  comnouud  is  found  in  refined  copper  prepared  from 
antimonial  ores,  and  renders  it  more  cold-short  thtui  red-short.  When 
copper  of  this  description  is  dissolved  in  oold  or  slightly  warmed  n 
aciil,  tbe  compound  is  left  behind  in  very  thin,  regnlar,  six-sided  lam 
which  aro  tcuialncent  and  of  a  golilcD  ydlow  colour.  When  heated,  tl 
become  for  the  time  brown  and  opaque.  In  the  flame  of  Newman's  « 
hydrogen  blowpipe,  they  fnse  into  a  black-brown  gla^;  with  borax  fhey 
exhibit  slight  intumescence,  and  form  a  yellowish -brown  gla««,  which 
turns  greenish-bhio  when  mixed  with  nitre.  Strong  hydrochloric  aoid 
dissolves  them  more  completely  than  any  other  acid.  (HausmatiB  4~ 
^tromoyer,  ^cAw.  10,  241.) 


COPPER  AND  A-NTIMONT. 
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'ffJAttlJ^roiM  Gopptr-mica. — Obtained  from  copper  smelted  at  Goslur. 
ier  the  copper  has  been  treated  with  dilute  Ditrio  acid,  the  copper-mica 
freed  from  oTfieuiiml  oside  of  aQtimoiiy — proceeding  from  antimutiido  of 
■copper  previously  contained  in  the  copper,  and  decomposed  by  the  nitrio 
■ataa — liy  digealiug  it  in  a  miituro  of  hydrochloric  ana  tartaric  aoid.  In 
this  manner,  lOOparU  of  highly  micriceouB  copper  yield  41Q  parta  of 
pure  copper-mica. — Pale  greenish-yellow,  translucent,  strongly  lustrous, 
regnlar  sis-sided  laminie,  which  assume  a  transient  yellow  colour  when 
beated.  This  compound  neither  fu.sca  nor  suflers  any  alteration  at  a  red 
heat.  With  carbouate  of  soda  on  charcoal,  it  yields  a  white  brittle 
metal,  and  covers  tho  charcoal  with  antimonic  oxide.  Heated  in  the 
outer  blowpipe-flame  witli  borax  or  miorocoemic  adt,  it  dissolves  imme- 
diately and  forms  a  light  green  glass.  It  is  scarcely  attacked  by  acids, 
excepting  by  conceTitratcd  hydrochloric  acid,  which  diasolTes  it  after 
long  boiling.  When  hydrogen  gas  is  pueed  over  100  parts  of  red-hot 
oopper-mica,  a  ijaantity  of  water  ia  obtained,  corresponding  to  18-19  per 
wnt.  of  oxygen.  (In  this  reaction,  2-55  parts  of  the  mica — that  which 
Mnbuns  only  nickel  and  no  copper — appear  to  escape  decomposition.) 
^e  residue  is  baked  together,  out  still  retains  the  form  of  huninni;  it 
'  be  decomposed  by  nitric  acid  or  by  chlorine;  in  either  case,  the  pore 
:el-QUca  remains  undecompoaed,  (Borohers,  fo^ff,  41,  335.) 
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Hence  it  would  appear  that  this  niokeliforous  copper-mica  contains  not 
cuprous  but  cupriu  oxide.  ^Borchera.) 

C.  Cui'Bic  Antimonite. — Pate  grass-green;  becomes  pietochio-grcen 
when  hooted;  glows  and  turns  white  at  a  stronger  bent  Insoluble  la 
irator.  (Bcrxelius.) 

D.  CoPHic  Antimoniaik.— Formed  by  precipitating  blue  vitriol  with 
«nUmoui»te  of  potash.  Pale  green,  crVBtalline  powder,  which  becomes 
Uue-groon  when  dry,  and  when  gently  Iteatod,  gives  oif  19-5  per  cent,  of 


water,  and  assumee  a  ffreen'ish-black  colour.  At  a  red  heat,  it  glows 
aud  Worne;  greeoiiih  white,  after  which  it  is  Dot  attacked  eittier  byMidii, 
or  in  the  Liiiuid  way,  by  alkalis.     When  hcnted  upon  ciiarcool  it  delk- 

f rates  sli};htly,  and  i^  ca«ily  redaced  to  pale  red  aotimontde  of  copjiu. 
QBulublo  in  water.  (Berzelius.) 

E.  Ccpsocs  ScLPUAfrnMOMlTE.  —  Anlimonial  CoppeV'^faitet.  — 
Ciystalline  system,  the  right  prismatie.  Fig.  80,  without  the  i-  and  si- 
&008;  i»':«=133M2';  M':M=lir;  «r(=I29°30".  Clearage  distinct 
parallel  to  the/t-facc,  which  is  very  much  enlarged;  less  distinct  parallel 
to  p.  (G,  Rose.)  S]icciGc  gratity  4-478;  harder  than  calcspat;  strongly 
ln«trous ;  load-grey  inclining  to  iron-black ;  yields  a  black  powder. 
Before  the  blowpipe,  it  decrepitates  strongly  and  splits  into  lamina— 
fnses  easily — covers  the  charcoa.1  with  antimonie  oxide,  and  Dltimately 
yields  a  brittle  metAllic  globnlo.     With  carbonate  of  soda,  it  yields  a 


red-grey  brittle  globule,  which,  by  continued  blot 
metullic  copper.  (Zineken,  Pogg.  33,  357.) 


ug,  is  conrerlod  into 


H.  Rose. 
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Co»S,SbS»  IS? 


loU^B 


F.  CuPRic  ScLPHAKTlMONiATB.— Formed  by  mixing  the  sola!  _ 
Schlippe's  salt  with  a  quantity  of  blue  vitriol  not  sufficient  to  deoompM. 
it  completely.  The  precipitate  heated  in  a  retort  gives  off  eulphur,  aad 
leaves  80-98  per  cent,  of  a  fused  residue  probably  containing  SOU'S, 
2SbS'.  (RammelBberg,  Po^ff.  52,  226.)  _^^ 

IUniin«Ubas.  ^^H 

3Cu 96       ....      £7-19        25-50  ^H 

8b  129   ...   36-55    3b-0*  ^H 

BS  128   ....   36-26 36-80     ^^M 

3CnS,Sb8'  853       ....     100-00        ZZ        97-3-t 


If  an  exoeaa  of  bine  vitriol  is  used  in  the  precipitation,  and  the  liquids  are 
mixed  cold,  a  precipitate  of  variable  coinpoaition  Js  obtained;  bnt  on 
boiling  the  mixtnro  (a.B  in  preparing  the  corresponding  lead -com  pound) 
the  precipitate  is  completely  converted  into  8CnS,SbO'.  This  subsuince, 
when  treated  with  caustic  potash,  gives  up  its  antimonic  acid,  and  is 
converted  into  protosulphide  of  copper.  When  heated  to  redness  in  a 
retort,  it  fuses  cumpletely,  gives  off  sulphuric  acid  and  antimonic  osid^ 
and  leaves  a  blackish-grey  metallic  maae,  apparently  composed  of  6(Ca^), 
SbS'.  (Rammelsherg.)     The  decomposition  is  probflbly  ns  follows: 

3(SCoS,SbOS)  =  2((iCu'8,SbS')  +  ShO»  +  6SO=. 

G.  Antdtonide  op  Copper  and  PoTASsirM.  —  Formed  by  roasting 
4  parts  of  tartar  on  a  piece  of  earthenware,  till  only  2  parts  remain,  and 
fusing  the  residue  for  2  hours  in  a  powerful  air-furnace,  with  2  parts  of 
powdered  antimony,  2  copper- filings  and  1  charcoal. — The  alloy  is  violet, 
Las  a  very  laminar  fracture,  yitlds  slightly  to  the  hammer  and  is  sli^Uy 
volatile.  Small  pieces  of  it  move  rapidly  on  mercury,  the  surfaoefl* 
which  is  corered  with  a  einaU  (^w>i.mitY  of  water.  (Sernllas,  Ann,  C 
Mffa.  21,  199.) 


Copper  and  Tellubhiji, 

A.  Telldbide  of  Cofpek. — Pale  red.  (Berzelias.) 

B.  Cpprio  Tellujiite. — Siakin-green  precipitate  whicii  ia  insolublo 
in  water,  taraa  black  and  ^ivea  off  ita  water  when  heated,  fuses  easily, 
and  solidiGes  on  cooling  to  u  block  mass  having  a  conchoidal  fracture, 
ftnd  yielding  a  greeninfa- brown  powder.  Before  tne  blowpipe  on  charcoal, 
it  is  reduced,  with  deflagration,  to  pale  red  tellnrido  of  copper.  It  may 
be  fused  with  1  At.  cupriu  oxide,  the  product  being  a  black  mass  baviog 
an  earthy  fractiiro.  (Bereeliiis.) 

Cdpric  Telltirate, — a,  Monolftlurate. — Balky,  slightly  tranaln- 
eent,  eea-green  precipitate.  —  I.    Ditellvraie.    Pale    green    pracipitatdi 

(Berzelins.) 

D.  CirpRic  SoLPHOTELLOKiTE.  —  3CnS,TeS'.  —  Brown  precipitate, 
black  after  drying,  giving  off  sulphur  by  distillation,  and  leaving  a  metal- 
grey  residue.  (Berzcliua.) 


Copper  and   Bibmoth, 

A,  Alloy  op  Bis.nrrn  and  Coppek.— Combination  between  these  two 
metals  takes  place  at  a  temperature  below  the  melting  point  of  copper.  An 
alloy  of  1  pt.  copper  and  2  bismuth  begins  to  expand  a  considenible  time 
after  eolidiGcatiou.  An  alloy  of  I  pt.  copper  and  4  bismuth  throws  out 
nodules  and  spherulea  as  it  solidifies — has  a  fine  red  colour  and  broadly 
laminar  texture — but  contains  small  globules  enclosed  within  the  laminm. 
(Mant,  SehiD.  58,  470,)— Copper  alloyed  with  small  quantities  of  bismuth 
remains  dnctila  at  ordinary  temperatures;  but  when  hammered,  it  be- 
oomes  so  hard  and  brittle  as  to  require  a  second  ignition;  and  if  the 
quantity  of  bismuth  amounts  to  even  0*6  per  cent.,  the  alloy  cracks  on  the 
edges  when  hiimmered  at  a  red  heat,  tKarslen.) 

B.  Sulphide  of  Bismuth  asd  Coppek.  —  Copper-bUimith-fflance  or 
Sitmiith-copper-ore. — In  indistinct  primus  and  radiating;  soft  and  pliable. 
Hm  a  lea<I-grey  colour,  and  yields  a  block  powder. — When  heated  in  on 
open  tube,  it  gives  off  sulphur  and  a  white  sublimate,  and  afterwards 
enters  into  ebullition.  Fuses  easily  before  the  blowpipe,  covering  the 
charcoal  with  a  yellow  deposit.  With  carbonate  of  soda,  it  yields  a 
large  button  of  copper.  (Bcrzelius.)  Dissolves  in  nitric  acid  with  scjiara- 
tion  of  sulphur.  The  following  analysis  does  not  admit  of  reduction  to  a 
formula, 

Klaproth. 
Cu „.,„ 34-6fi 


CoppEit  AKD  Zinc. 

A.  Allots  op  Copper  and  Zinc. — Brcui,  Tombac,  PiniAheck,  Prine^i    i 
Uttal,  Similor,  Mann/ieim  Gold,  Aurum  vunaictim,  according  to  V^^ 


proportions  and  purity  of  the  ingredienta.— i'reparofwn.  1.  By  n 
xinc  to  molted  copper,  whereupon  some  degree  of  esplodan  and  scatter., 
of  tho  maas  ia  produced.  (Beri^lius;  A.  Vogel;  J.  pr.  Ckern.  fi,  3<t™ 
Or  by  fusing  the  metftb  together  in  a  eorered  cmcible,  the  itnc  beia^ 
placed  below,  and  the  copper  in  email  pieces  at  top.     For  brass  the  pro- 

^irtion  ia  T  pta.  copper  to  3  linc.  Part  of  the  nine  always  bnrnd  awaj. 
h«  fusion  if  porfonned  in  cnicibloa,  seven  of  which  are  nsnaUy  plawd 
in  a  circular  air-furnace. — S.  By  igniting  copper  in  small  pieces  with 
linc-oside  and  charcoal  powder.  In  this  older  method  of  making  braes, 
roasted  native  calamine  or  furnace-calami ne  is  ignited  in  covered  oruciblet 
with  charcoal  powder  and  copper,  tbc  latter  being  cnt  into  Em^ll  pieces  or 
granulated. — 3,  Cop]>er  exposed  at  a  red  heat  to  vapours  iif  zinc  ia  com- 
pletely penetrate<I  by  them,  but  doea  not  lose  its  form. — Lyom  Gotd-laee  ts 
prapued  by  exposing  roda  of  copper  to  the  vapour  of  ainc,  till  ibey  are  ooo- 
vorted  into  brass  on  the  surfiice,  and  then  drawing  them  out  into  wire,  A 
copper  coin  pWed  in  a  crucible  above  a  mixture  of  linc-oiide  and  charcoal, 
and  moderately  ignited,  ia  converted  into  biaas  withont  ohtiteratjon  of  tlie 
dovico.— 4.   By  precipitation. — In   England,  Spttriau*  gold-wire 

Kred  by  boiling  copper-wire  previously  cleaned  with  nitric  a 
drochloric  acid,  cream  of  tartar,  and  a  mixture  of  1  pt  t' 
mercury.  (ffiVi.  49,  301.)— When  blue  vitriol,  dissolved  in 
water,  is  precipitated  by  linc,  the  black  flakes  at  first  precipitated' arc  ■ 
alloy  of  copper  and  liuc.  (Bucholi;  and  Meisancr,  X  Tr,  3,  2,  S".) 

Copper  alloyed  with  a  small  qnajitit^v  of  tine  exhibits  a  paler  red  ai 
yellowiah  red  colour;    a  larger  quantity  renders  it  yellow,  tho  colour 
being  brighteat  when  the  two  metals  are  united  in  equal  parts;  a  <B"* 
greater  quantity  of  dnc  makes  it  white.  (Lewis.)     In  certain  pruporUofl 
the  alloy  of  copper  and  zinc  is  more  ductile  at  ordinary  temperatnl 
tlinn  pure  oopiier,  but  generally  brittle  at  a  red  heat.     Very  small  i{ii^ 
titiee  of  xino  do  not  impair  the  dnotility  of  copper  at  ordinary  temp4~ 
turoa,  excepting  that,  when  thus  aJloycd,  it  sooner  becomes  hard  i 
brittle  by  hammering,  and  therefore  req^uires  to  be  oftener  heated  I 
redness;    but  even  0*6  per  cent,  of  zinc  is  sufficient  to  oanee  copper^ 
crock  when  hammered  at  a  red  heat.  (Karsten.) — The  most  duotilo  of  ii 
the  alloys  of  cupper  and  zino  are  those  which  contain  84-5  per  cenl,  A 
copper  to  15-5  of  zino  (tombac),  and  71'5  copper  to  28'5  zinc  (bra    '  " 
The  alloy  formed  of  equal  weights  of  the  two  metals  tracks  in  n 
An  excess  of  zinc  renders  the  tJloy  brittle,  tho  most  brittle  of  all  beiiMr 
that  which  contains  1  At.  copper  with  1^  to  2  At.  zinc.  (Karsten.) — Smw 
quantities  of  lead  diminish  the  ductility  of  the  alloy;  tin  tucro&ses  itc 
harduesa.  (Karsten.) 

All  alloys  in  wliich  the  amount  of  zinc  doea  not  excoed  30  p 
exhibit  the  reaction  of  copper  towards  acids  and  in  the  volt^c  oirotl| 
and  they  do  not  precipitate  the  salts  of  copper.  But  alloys  c 
excess  of  sine  decompose  copper-salts,  being  thereby  converted  into  p 
fcctly  pure  copper;  they  likewiso  dissolve  completely  in  acids  whi 
have  no  action  on  coppor  alone,  the  solution  taking  place  tlio  t 
quickly  as  the  excess  of  zinc  is  greater.  If  the  quantity  of  acid  is  inaid 
tioient  to  dissolve  tho  whole,  tbo  copper  first  dissolved  is  rcprecipitate^ 
the  liquid  at  length  retaining  nothing  but  zinc.  (Karsten.)  Brass  turns 
red  when  rubbed  with  hydrochloric  acid,  because  tho  acid  dissolves  tha 
»ino  in  preference  to  the  copper;  but  when  rubbed  with  ammonia,  it  taiu 
wliito,  becauao  tho  ammonia  dissolycs  out  the  copper.  (Berze]ius,)r 
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Fropertiet  of  AII071  of  Copper  and  Zinc,  acoording  to  MaDot  (Dm^^  jM/yl.  /.  85,  378.) 
1  At.  Copper  is  utnmed  =3  31*6,  and  1  At.  Zinc  s=  32'3. 

At.          Per  cent  Spec  Mallea-  Hard-  Fuai- 

Ca  Zn           Ca  Grar.  Cobnr.    Fracture.  Tenacity,    bility.    nenk  UUtj. 

1  :   0  ....  100        ....  8-667    ....        r 246  ....      8    ....  22  ....  15 

10:    1  ....    90-72    ....  8-605    ....      r.  y c.gr 12*1  ....      6    ....21  ....14 

9  :    1  ....  98-80  ....  8607  ....      r.  y f.  gr.  ....  11-5  ....      4    ....  20  ....  13 

8  :    1  ....  88-60  ....  8633  ....      r.  y f.  gr 12-8  ....      2    ....  19  ....  12 

7  :    1  ....  87-30  ....  8587  ....      r.  y f.  gr.  ....  13-2  ....      0    ...  18  ....  11 

6  :    1  ....  85-40  ....  8591  ....      y.  r f.  f.    ....  14-1   ...      5     ....  17  ....  10 

5  :    1  ....  83-02  ....  8-415  ....      y.  r f.  f.    ....  13*7   ....     11     ....  16  ....    9 

4  :   1  ....  79-65  ....  8-448  ....      y.  r f.  f.    ....  14*7   ....      7    ....  15  ....    8 

3  :    1  ....  74-58  ....  8397  ....     jmOc  y f.  f.    ....  131   ....    10    ...  14  ..«    7 

2  :    1  ....  66-18  ....  8-299  ....    deep  y f.  f.    ....  125  ....      3    ....  23  ....    6 

1:    1  ....  49-47  ....  8-230  ....    deep  y eg 92  ....    12    ....12  ....    6 

1  :   2  ....  32-85  ....  8263  ....    darky c.gr 193  ...       1     ...10  ....    6 

8:17  ....  31-52  ....  7-721  ....    silv.  w c 21   ....  v.br.  ,..    5  ....    5 

8:18  ....  30-36  ....  7836  ....    iilv.  w v.c    ....    22  ....  v.br 6  ....    5 

8:19  ....  29-17  ....  7019  ....   light  gr e 07  ...v.br 7  ....    5 

8:20  ....  2812  ....  7*603  ....    aah-gr v 3-2  ....    br.    ....    3  ....    5 

8:21  ...  27-10  ....  8-058  ....   light  gr c 0*9  ....    br 9  ....    5 

8:22  ....  26-24  ....  7*882  ....   light  gr c 0*8  ....v.br.....    8  ....    5 

8:23  ....  25*39  ....  7*443  ....    aah-gr f .  gr.  ....    5-9  ....  s.d 1  ....    5 

1:   3  ....  24*50  ....  7*449  ....    ash-gr f .  gr 3*1   ....v.br 2  ....    4 

1  :    4  ....  19*65  ....  7*371  ....     a»h-gr f.  gr 1*9  ....    br 4  ....    3 

1  :   5  ....  16*36  ....  6-605  ....   dark  gr f .  gr 1-8  ....    br 11  ....    2 

V  !     X      ....        U  ....     D  07O     ....  ....  ....   19-^    ....  ....   AO    ....      I 

Under  Colour,  r.  denotes  red,  y.  yellow,  gr,  grey,  »ilv.  w,  eilveiv 
white.  Under  Fracture,  c,  gr.  denotes  coarse-grained,  7.  gr,  fine-grained, 
/.  /.  fine  fibred,  e.  concboidal,  v.  vitreous.  The  numbers  under  Tenaciiy, 
denote  the  weight  in  tons  required  to  break  a  rod  whose  transverse 
section  measures  a  square  inch.  Under  Malleability,  hr.  si^ifies  brittle, 
V,  br,  very  brittle,  8,  d.  slightly  ductile :  the  malleability  is  determined  at 
the  temperature  of  15' 5°,  Under  Hardness,  the  number  1  denotes  the 
maximum. -~  The  compound  ZnCu'  is  Princess  metal  or  Bath-metal; 
ZnCu^  is  German  and  Dutch  brass;  ZnCu'  is  rolled  brass;  ZnCu'  is 
English  brass;  ZnCu  is  German  brass;  Zn'Cu  is  German  brass  for  watch- 
makers. (Mallet) 

A  Uoys  of  Copper  and  Zinc  used  in  the  Arts. 

a,  Tomhac,  —  Obtained  by  adding  zinc  to  melted  copper.  Pale 
yellowish-red,  very  ductile.  Contains  84*5  per  cent,  of  copper  and  15 -.5 
of  zinc.  (Karsten,  Pogg,  46,  160;  abo  J.  pr,  Chem,  16,  375.)  Dutch 
metal  is  tombac  in  leayos  Tr^^nr  ^^  ^^  ^^^  tnick. 


a. 

b. 

& 

d. 

Zn 

15*5 

.... 

15*38 

•#•• 

16*0 

.»M 

17*5 

Cu 

84-5 

.... 

83*08 

•  ••• 

82-5 

.... 

82*5 

Sn 

. .  • . 

1*54 

•  ••• 

1*5 

1000        ....       100-00        ....       100*0        ....       1000 


a.  Commercial  tombac.  (Karsten.)— &.  Antique  bracelet  from  a  tomb  at 
Naumburg. — c.  Elastic  Fibula  with  tongue,  made  in  the  Roman  pattern^ 
from  a  tomb  at  Kbnigsberg.  d.  Antique  chain  found  at  Ronneburg. 
(Gobel,  Schw.  60,  407.)— The  formula  2fnCu"  gives  16-67  per  cent,  ziuo 
to  83*34  per  cent,  copper. 


Frimattmeiai,  Skmilor,  mad  Miumknm  €hU  ara  alloya  of 

im  wkkk  tlie  pioportMm  of  Uie  two  metals  iB  not  jbI 

ixfc.     OUer  iasa:  For  Piaekbeck,  18  pU.  copper,  1  brass,  and  1  ime; 

Ice  Pi-we'*  ■jfiiT  (  pst.  copper,  1  nnc;  for  Similor,  5  pts.  eopper,  1  anfl^or 

^  |C&  cofwc  10  cae.  $  un;  for  Manoheim  gol<^  4  pts.  copper,  1  nae. 

k  Bfmm. — SoBifriaw  obcaiaed  bj  fasiag  tofpstber  copper  and  siae, 

hx  i^um^  ^^n^  ^i^  zinc-ozkie  and  cbaicoaL     Tbe  porar 

?.  ibe  tm<er  is  the  qnaniitj  of  nnc  that  maj  be  added  to  ii 

dimisisbinj:  iu  dactilitr.  (Karsten.)    Specific  grayitj  from  7'S 

a»  $'4.     VetT  ilfeaMe  in  tbe  cold;  brittle  at  a  red  beat 


«.                 h,  c.                    d,                     €,                /• 

Za.      ._  .     *?•$     .         2:^  K-15      ....      27-63  ....       29-26     ....    27« 

c*           ri-i          n-e  _    :i-36     .^.     7iw           70-29   ....   7016 

Sa                            ..      tnoe  _                   _        0*85  ....         0-17    ....      079 

fV                           -.         1-3  _                   _  _.        0-28     ....      0-20 

1#M     --       »^  _     9^31       ....     100-37  «..     100-00    ....    9860 

f.  A.  t. 

Za .  29-9       _      31-80      ....  3530 

C» 70-1       -.      63-80      ..^  61-59 

Sb ....        0-25      ....        0-25 

Fk ...        2-15      ....        2-86 


loe-e     ....   100-00     ....    100-00 

«  i«  cocmeraal  brass  of  nnknown  ori£;in.  (Karsten.)^^.  The  eune. 
(R^fcaalt.  ^— <.  Bn«  from  Xenstadt  Eberswald.  (Kodematsch,  Pogg, 
ST.  57jlW-i2.  Brjkss  lioai  Aagsbeig;  e.  fram  England;  /.  from  Heeger- 
attb«e.  (Laraier.  J.  pr.  CAm.  sT  198.)—^.  Brass  from  Romillj,  Teiy 
■udi^sble,  bat  too  toagb  for  the  lathe;  k,  fnm  StoUbeig;  t.  of  nnknown 
origin.  vCbaadet.  Jaa.  Okia^  Pkf$,  5,  321;  also  Sckw.  21,  350.)  The 
JbnaaU  ZnHTa'  civiH  2$-5T  per  cent,  zinc  to  7 1  *43  copper. 

r.  JfvVMK-  G:JJ. — ^Piepansl  br  fusing  equal  wei^ts  of  copper  and 
siac  in  a  crucible  at  the  lowest  possible  degree  of  beat,  stirring  constantlj, 
and  then  adding  a  further  quantitv  of  zinc  in  small  portions,  till  the 
<\^Iour  i*f  the  fu^d  mixiuie,  after  passing  through  the  Tarious  shades  of 
brs*»vellow.  purple-red.  and  violet,  bss  become  perfectly  white.  The 
alloT.  after  casting  in  the  mould  and  cooling,  exhibits  the  colour  of  dncat- 
gold.  and  does  not  tarnish  by  exposure  to  the  air,  even  in  the  neigh- 
bourhood of  the  sea.  It  contains  from  52  to  55  pts.  [no  more  ?]  sine  to 
100  Clipper.  (Hamilton  &  Parker.  Edinb.  J.  of  Sc.  1826;  also  Schv. 
4S,  151 ;  alsi>  /V>jv.  8,  78.) 

*/.  Braft-pMrr. — 2  pts.  brass  to  1  xinc;  or  if  it  is  to  be  more  ductile, 
6  pis.  brass.  0  silver,  and  2  sine. 

B.  Zixco^rpRic  Carbonate. — ^Itirtc^a/^^.— Blackens  and  gives 
off  water  when  heated.  In  the  inner  flame,  it  covers  the  charcoal  with 
a  coating  of  sine-oxide;  with  borax  and  carbonate  of  soda,  it  yields  a 
button  of  copper.  Hydrochloric  acid  dissolves  it  readily  and  with  effer- 
vescence. (Bottger,  Fogg.  48,  495.) 

AmriekaJcUe,  Bottger. 

3ZnO  120       ....       44-28  4584      to     45-fi2 

2CnO  80      ....       29-52  28*19      „      28*36 

2COS   44       ....       16*23  16*06      ,.      16*08 

3HO    27       ....         9*97  9*95      „        9*93 

'ZnO;  CuO)2CO«  +  3Aq..„ 271       ....     10000        ZI       lOO^Oi      Z      9M9 


COPPSn  AND  TIN,  %8l 

C.  Znfoo*ci7PRio  SirLPHATB.-^r76tallize8  from  a  solation  containing 
tti  exeesB  of  zinc-snlphate,  in  the  form  of  ferrous  sulphate  with  7  At. 
w»ter^  and  from  a  solution  containing  excess  of  cuprio  sulphate,  in  the 
form  of  the  latter  with  5  At.  water.  (Mitscheriich.) — Blue  vitriol 
dissolves  yery  slowly  in  a  saturated  solution  of  zinc-sulphate;  but  ziuc- 
•olphate  dissolves  abundantly  in  a  saturated  solution  of  cupric  sulphate; 
in  both  cases,  the  undissolved  portion  of  the  added  salt  is  converted  into  a 
doable  salt*  (Karsten.) 

D.  Sulphate  of  Cupric  Oxide,  Zinc -oxide,  and  Potash.— « 
Obtained  in  the  same  manuer  as  the  sulphate  of  cuprio  oxide,  magnesia, 
and  ammonia,  (p.  463.)  Pale  blue  crystals,  having  the  form  of  sulphate 
of  magnesia  and  ammonia.  (Bette.) 

Crystalliied :  (KG,  SO*  +  ZnO,  SC  +  6Aq.)  +  (KG,  S0»  +  CuO,  S0»  +  6Aq.) 

Bette. 

2K0    94-4       ....       21-34         21-60 

ZnO    400      ....        9-04         8*80 

CuO    40-0       ....         904         8-50 

4SO»  1600      ....      3617        35*66 

12HO 1080      ....       24-41         2544 

442-4       ....     100-00        ZZ       100-00 


Copper  and  Cadmium. 

Allot. — ^Formed  by  fusing  the  two  metals  together. — Light  yellowish- 
white,  yery  brittle,  having  a  fine-grained,  scaly  structure.  Contains 
54*89  pts.  copper  to  45*71  cadmium,  which  volatilizes  completely  at  the 
melting  point  of  copper.  Even  a  small  quantity  of  cadmium  renders 
copper  brittle.  (Stromeyer.) 

CoppEB  AND  Tin. 

A.  Allot  op  Copper  and  Tin. — The  arms  of  the  ancients  were 
sometimes  made  of  Bronze,  an  alloy  formed  of  a  lar^  quantity  of  copper 
with  a  little  tin.— Obtained  by  fusing  the  two  meta&  together,  generally 
in  a  reverberatory  furnace;  if  the  mixture  is  not  stirred,  two  distinct 
strata  are  very  apt  to  form,  containing  very  different  proportions  of  the 
constituent  metals.  The  combination  of  the  metals  in  equal  parts  takes 
place  without  evolution  of  light  and  heat.  (Gehlen.) 

Properties  of  Alloys  of  Copper  and  Tin,  according  to  Mallet  {DingL  polyt.  J.  85,  378). 

1  At.  Copper  s  31*6,  and  1  At.  Tin  »  58*9. 

Tena*     Mallea-  Hard-  Fosi- 
city.        bility.    ness.  bility. 

.  24-6  ....      1      ....  10  ....  16 
.  16-1  ....      2     ....   8   ....  15 

,  lu*2  ....        3       ..».    O    ....  1^ 

.  17*7  ....      4      ....  4  ....  13 

,.  13*6  ....       5      ....  3  ....  12 

.    9-7  ....  brittle  ....  2  ....  11 

..    4-9  ....  brittle  ....  1  ....  10 

..    0-7  ....  friable ....  6  ....    9 

..    0*5  ....  friable ....  7  ....    8 

2l 


At.      Per  cent. 

Spec 

Cu  Sn        Cu 

Gray. 

Colour. 

1 

fracture 

1  : 

0  ....100 

8-607  .... 

•  ••• 

a. 

10  : 

1  ....  84-29  .... 

8-561  .... 

r.  y. 

« •  ■• 

f .  gr. 

6. 

9: 

1  ....  o2*ol   .... 

8-462  .... 

r.  y. 

•  ••• 

f.  gr. 

c 

8  : 

1  ....  81-10  .... 

8-459  .... 

y.  r. 

#••• 

f .  gr. 

d. 

7  ' 

1  ....  78-97  .... 

8-728  .... 

y.  r. 

•  ••• 

v.  c. 

e. 

6 

I  1  ....  76*29  .... 

8*750  .... 

pale  r. 

•  ••• 

v. 

/. 

5 

:  1  ....  72-80  .... 

8-575  .... 

pale  r. 

•  ••• 

c. 

t 

4 

:  1  ....  68-21  .... 

8-400  .... 

ash-gr. 

•  •«• 

c. 

3 

:  1  ....  61-69  .... 

8-539  .... 

darkgr. 

•  ••• 
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For  the  abbreviatintu  and  the  meaning  of  certain  expressions,  see  tlie 
obflorvations  following  tlie  table  ou  pBge  478. — a,  b,  and  e  ftre  gun-met*!; 
d  IB  bard  brass  for  pin-malcera;  «  to  t  is  betl-metal;  i  aud  /,  beU-metal 
for  email  bells;  ni,  n,  and  o,  e])ociilum-metal.  (Mallet.) 

a.  Copper  alloyed  with  a  very  small  quantity  of  tin  becomes  so  hard 
and  brittle  when  hammered  cold,  that  it  reqaires  to  be  again  heated  lo 
full  redneas.  (Karatcn.) 

b.  32  pt«.  copper  to  1  tin:  resists  the  solvent  action  of  hydrocblotic 
acid  much  more  compk-tely  than  pure  copper,  and  ia  therefore  adapted 
for  the  aheathing  of  eliips.  (Musbet.  mi.  Moff.  J.  6,  444.) 

c.  19  pts.  copper  to  1  tin:  Golden  yellow,  hard,  malleable. 

d.  From  8  to  1 1  pU.  copper  to  1  tin;  yellow  and  slightly  malleable: 
Gim-mttal,     The  best  proportion  appears  to  be  9  pts.  copper  to  1  lin,-— 


The  alloy  of  11  pta.  coppor  to  1  tin  appea 


nifoti 


,  after  alon  cooling 


to  the  unaa.^isted  sight;  but  when  esamined  with  a  lens,  it  appears  b 
oomposod  of  striated  facea  of  a  roddisli  alloy  mixed  with  a  white  one.  u 
it  be  more  quickly  solidified  by  pouring  it  into  thick  iron  monlda,  u 
alloy  is  obtained  which  appears  perfectly  uniform,  even  onder  the  lou. 
When  quickly  cooled  in  water  after  oontinuetl  strong  ignition,  it  retaaini 
uniform;  but  if  suffered  to  cool  slowly  after  continued  ignition,  it  beoomw 
variable  in  composition,  like  tbat  which  has  been  slowly  ixwled  aftei 
fusion.  Uence  the  alloy  which  is  uniform  at  the  melting  heat,  and 
likewise  at  a  strong  red  heat,  separates  into  two  different  alloyi  when 
slowly  cooled.  The  large  mass  of  a  cannon  cannot  be  cooled,  even  by 
moulds  which  conduct  hent  w«ll,  suddenly  enough  to  prevent  the 
formation  of  two  distinct  alloys,  whereof  the  one  that  is  richer  in  copper 
solidifies  first,  while  that  wSieh  is  richer  in  tin,  containing  82'9  p.  c. 
copper  to  17'7  tin,  partly  rises  to  the  top,  and  partly  sinks  into  the 
mould.  (Karaten,  Sdiie.  65,  3S7.) 

e.  6-3S  pts.  copper  to  1  tin:  the  densest  of  all  the  alloys;  its  specific 
gravity  is  8-87.  (Briche.) 

/.  From  4  to  5  pts.  cojiper  to  1  tin:  Jlell-metal.  Yellowish-grey,  and, 
when  very  slowly  cooloa  from  a  red  heat,  very  bard,  difficult  to  fil#, 
sonorous,  brittle,  csbibiting  a  fine-grained  fracture.  When  heated  to 
redncES,  and  then  suddenly  cooled  by  immersion  in  water,  it  becomes  nit, 
and  easy  to  file  and  turn,  but  may  be  hardened  again  by  ignition  and  slow 
cooling.  The  Chinese  cymbals  called  Gong-gongs  are  made  of  this  alloy. 
(Darcet,  Gilh.  56,  104;  further  Ann.  Chim.  I'kgi  54,  331.)  BeU-nietol 
bccoinos  malleable  at  a  tempcntture  not  far  below  redness.  (Wollaston, 
Gitb,  56,  106.) — An  alloy  of  4  jits.  copper  and  1  tin  fused  and  then  reiy 
slowly  cooled,  exhibits  a  striated  surface,  a  dingy  while,  close  fracture, 
and  is  very  brittle.  When  poured  out  into  cold  iron  moulds,  it  eibibitt 
the  same  properties;  but  if  immcraed  in  cold  water,  after  being  kept  for 
some  time  at  a  low  red  heat,  it  becomes  yellowish- white  and  cxtei)abl& 
During  the  iguitiou,  if  eoaiewhat  too  strong,  white  globules  of  au  » '  "^ 
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ricber  in  tin  are  eeoii  to  ooze  out,  but  at  a,  higher  tempemtuie,  when  tha 
whole  masB  becomes  liquid,  they  dieappear.  Hence  the  alloy  appears  to 
be  resolved  at  a  temperature  below  its  melting  point,  into  two  other 
compounds,  which,  on  slow  cooling,  reunite  and  form  the  brittle  ftUoy, 
but  rewaJQ  e^arated  if  the  cooliog  be  more  sudden. 

g.  3  pts.  copper  to  1  tin:  reddish- whiter  very  brittle;  ep.  gr.  8'879> 
(Clmudet.)  With  a  small  quantity  of  arsenic  it  forms  a  speculum-metal. 
(Little.) 

A.  2  pts.  copper  to  1  tin:  steel-grey,  very  hard.  Remains  uniform, 
Bvea  after  slow  eoojing  from  a  Btate  of  fusion.  (Karaten.) — 2  parts  copper, 
1  tin,  and  -^  aracnic  form  a  speculum-metal;  eo  likewise  do  G4  pts, 
copper,  33  tin,  £-5  arsenic,  and  8  brass.    (Little.) 

t.  1  pt.  copper  to  1  tin:  bluish-wbite  like  zinc,  alightly  malleable,  not 
■yery  hard;  specific  gravity  8'4K8  (Chaudet),  879  (Briclie),  Rematna 
uniform  after  slow  as  well  as  after  sudden  cooling,  (Karsten.) 

k.  1  pt.  copper  to  2  tin:  white,  brittle.  Uniform,  even  after  slow 
cooling.  (Karsten.) 

I.  I  pt.  copper  to  3  tin:  bluish-white,  exhibits  a  cryBtalline  aspect  and 
fibrous  texture;  cracka  under  the  hammer.  Specific  gravity  7'813. 
(Chaudet.) 

m.  1  pt,  copper  to  3-6  tin=iCuSn-. — lu  a  tinned  copper  boiler, 
legnlnr  six-sided  prisms  were  found  to  be  formed,  with  indietinot  cleavage 
Jiuallol  to  p.  {Miller,  Phil.  Hag.  J.  6,  107,)  Yellow-greeuish-whitej 
BhiUB^;  ductile;  of  specific  gravity  T'53;  fusing  at  a  red  beat;  slowly 
tittacked  by  dilute,  easily  by  strong  nitric  acid;  dissolves  rapidly  in  boiling 
bydrochlorio  acid.  (Roth,  Fogg.  36,  478,) 

Rath. 

Cu 32      ....       3133        21-88 

Sn"   118      ...,       68-67        77-63 


I 


CuSi^  .. 


150 


100-00 


19-51 


n.  1  pt.  copper  to  10  tin:  maUeabla  to  a  certain  extent,  but  cracks 
Onder  the  hammer;  specific  gravity  7'472.  (Cbaudet.) 

Boiling  hydrochloric  acid  extracts  tin  from  these  alloys^  and  leaves  » 
«Ojnpound  containing  a  large  quantity  of  copper  with  a  Email  quantity  of 
tin.  (Chaudet,  Ann.  Ckim.  Fhys.  7,  275.) 

Ancient  and  other  alloys. 


100     ,  .     09-62     ,„.     »-93     -.      99-74     ....  lOO'O     .„.  WO-0 

Bronze  from  Celtic  vessels,  swords  and  spears.  (Clarke,  Ann.  PhU. 
t,  f3.)^-6.  Arrow-head  from  an  Egyptian  tomb. — c.  Cast  coffin  from 
Altar,  on  the  bordors  of  China.— t^.  Another  coffin.  (Gbbel,  ScAie. 
mt,  407.)— e.  Old  bell  at  Rouen,  known  by  the  name  of  Cloche  iTArgtnl, 
"Iferardin,  .inn.  Chim.  Phyi.  00,  203.)—/  Chinese  Gong.  (Thomson, 
n«.  PhU.  2,  209.) 

B.  CoFRons  Stannate. — The  solution   of  nrotoohloride  of  tin   is 
Bstio  potash  forma,  with  cupric  nitrate,  a  yellowish-green  precipitat«, 
vbich,  if  kept  from  contact  with  tlio  nir,  turns  yrflow,  and  is  subset^uontlY 

^\1 


J 
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^VKW  OxiDB  \riTH  Lbad-oxidb. — Produced  in  tbe  form  of  a 
rk-coloureJ,  fused  mass  in  the  cupellation  of  cupriferous  silver  with 
ead. 

Sulphide  of  Copper  and  Lead. — ti.  1  part  of  pilena  heated  to 
Vhiteness  in  a  charcoat  cracibte  with  1  pt.  of  disulphide  of  copper,  yields 
ft  black  mdiated  mass,  resembling  disulphide  of  copper. — b.  One  part  of 
galena,  and  3  parts  of  disulphide  of  copper  form  a  compound  having  a 
texture  similar  to  thiit  of  galena  itself.  (Foumet.) — c.  Copper  fused  even 
in  great  exc«es  wiib  gnlena,  does  not  nbstract  all  the  sulphur,  but  forms 
an  alloy  of  copper  and  load,  and  a  componnd  of  sulphide  of  copper  with 
salphiae  of  lead.  (Karsten.) 

E.  BypotulpMte  of  Crtprie  Oxide  and  Ltad-oxidt  ? — Hyposulphite  of 
lead-oxide  and  potash  forms  with  acetate  uf  cupric  oxide,  a  light  green 
precipitate,  which  turns  dark  brown  on  exposure  to  the  air,  and,  when 
aeated  in  a  retort,  ia  resolved  into  wnter,  sulphurous  acid,  and  a  fused 
residue,  whioh  afterwards  solidifies  and  preeeiita  a  red  surface.  The 
liquid  from  which  the  preeipitate  has  separated,  contains  copper  and 
lead,  and  turns  black  when  heated.  (Rammolsberg,  I'offi;.  56,  314.) 

F.  Selenide  op  CoppEn  and  Lsad.  —  a.  4PbSe,CuSe.  —  Specific 
^pravity,  from  7'4  to  7-5.  Reddish  lead-grey,  yielding  a  greyish-black 
powder.  Decrepitates  strongly  when  heated  in  a  glass  tube,  yielding  a 
sublimate  of  selenium,  and  fusing  to  a  bronnish-y allow  liauid,  which, 
•ft«r  longer  healing,  solidilics  in  a.  block,  tumefied  mass.  When  heated 
ou  charcoal,  it  gives  off  a  brown-red  fame,  with  a  strong  odour  of  selenium, 
ftnd  fuses  to  a  black  slag,  covering  the  charcoal,  first  with  a  metallic 
film,  and  then  with  a  yellow  fdm  of  lead-oxide.  With  borax  it  forms  a  ' 
pale  green  glass,  and  a  malleiible  globule  uf  metal  containing  lead.  Witli 
nitric  aoid  It  behaves  like  b.  (Kersten,  Po^ff.  46,  2G5.) 

KerBtan. 
From  Tumglubuk 
...      416       ....       64-20         63-82 


I 
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b.   2PbS6,CuSe.— -Sf/eniW*  of  Copyer  mitt    Zead,   S^Unhipfirbtei  «' 
Bineralogista. — From   Tilkerode  :   massive,  of  spocific  gravity  7-0,  aO" 
[ne-grained  fracture,  tending  somolimeB  to  the    conchoidal,  sometimes  W 
S©  even.     Of  a  lighter  lead-grey  colour  and  fainter  lustre  than  selenido 
'  lead;  often  with  a  brass  yellow  orviolet  tamigj,.  yields  a  grey  powder. 
hen  heated  in  a  glass  tube  open  at  both  ends,    it  yields  a  sublimate  w 
^^^ilaoium  and  selenious  acid,  and  fuses  to  a  black  slag  surrounded  with 
h)sed  yellowiah  oxido  of  load.  (Zinken,  Poffff.  3,  275  }     Does  not  yield  ft 
^C—iblimate  of  selenium  when  heated  in  a  closed  glass  tube.  (H.  Rose.  PopSf- 
200.)     From  Tanoenglasbaoh.     Cleavage-plung  apparently  parallel  to 
**    '^^,^^,  J.")  ''"I'o-     specific  gravity  from  BBg  i^  t,q4,     Fiue-grained, 


ary  inuoh  hko  gmnular  galena,  but  of  a  darker  lead-trrev  colour  ;  yiel 
greyieh-black   powder.     When  heated  in  a  el„aed  clafis  tube,  it  decre- 
^tates  8liglit]y-_yioii8  a  sublimate  ot  selenium  (wUich,  «.Cw^  «W«a%- 


ined,  ■ 
ield0  H 
acre-  ^1 

J 


contimicd  ignition,  iunoonts  to  A-^  jipt  cent,,  tliat  Is  In  aay,  to  iaK  lis 
qmntitT  of  Beleniinn  combined  with  tbo  copper) — swetls  up,  anil  t\am  (4 
a  translacent  niaas,  whicli  on  cooling  lums  black,  but  eibibite  a  jeflow 
colour  on  tho  edges,  solidifies  after  long-coutiDaed  ignition,  and  esLibitt 
eojipereolonred  specks  on  its  snrface.  When  heated  in  an  open  pliisa 
tnbe,  it  likewise  emits  a  fnint  odour  of  snlpharons  a«id,  and  ylcMs  a 
sublimate  of  seleniom,  which  is  afterwards  converted  into  selenioua  acid. 
On  charcoal  it  giTea  off  a  brown-red  fame  with  a  strong  odoar  of  EelenioM 
— forma  a  shining,  blackish-grey  deposit,  and  afterwards,  nearer  to  thfl 
heated  substance,  a  yellow  deposit — and  leaves  a  black  slag,  copp*r- 
eolmired  in  parts.  In  the  inner  flame,  it  imparts  a  beryl-green  colour  (o 
borax,  and  yields  a  grey,  malleable  button  of  metal.  Dissolves  in  cold, 
moderately  strong  nitric  acid,  forming  a  groenbh-blue  solution,  and  leaving 
a  residue  of  seleniam.  (Kersten.) 
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e.  PbSe,CaSe. — Selenidt  of  Lead  and  Copper,  S^enbUikupfer  of 
mineral ogists.  Found  in  small  frngmente.  Speoiflc  gravity  3-6.  Very 
soft,  somewhat  malleable.  The  colour  on  a  recent  frsotnre  is  between 
lead-grey  and  violet,  or  perfectly  violet  (the  violet  pieces  give  off  EelemJe 
of  mercury  when  heated — H.  Rose).  Behaves  like  b  before  the  blowpipe 
• — fuses,  however,  with  still  greater  facility.  (Zinken.)  Does  not  evolvs 
selenium  when  heated  in  a  cFosod  glass  tube.  (H,  Rose.) 
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When  aelonido  of  lead  is  fused  with  diselenide  of  copper  fprepni 
strongly  igniting  copper  with  selenium),  a  oompoand  is  obtained,  wht 
fuses  mure  readily  than  diselenide  of  copper;  this  compound  is  capable  of 
taking  up  an  additional  quantity  cf  selenium,  which  it  does  not  give  off 
when  heated  to  redness  in  close  vessels.  (H.  Rose,) 

G.  CnRoMATE  OF  Crpnic  Oxidb  axd  Lbad-oxidr, — VauqiulinUe.-^ 
Belongs  to  the  obli<jue  prismatic  system.  Very  small  needles  and  tdatso- 
titio  masses.  Specific  gravity  from  6'8  to  7*2.  Harder  than  gypsnm. 
Has  an  adamantine  lustre;  is  translucent,  and  of  a  black ish-greeu  colour 
inclining  to  olive-green,  siskin-green,  and  yellow;  powder  siskin-green. 
On  charcoal  before  the  blowpipe  it  swells  up  slightly,  and  then  fuses  with 
atroog  intumescence  to  a  dark  grey  bead,  having  tlie  metallic  Instre  sad 
surrounded  ivith  etoaU  g^ltl^A(ls  ol  nwAx^.     \ii  ^vtViaatQ  of  soda  on 
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5.  A  fUitnonial  Copper. glance,  or  Primatoidal  Copper-gianee.'^Crjh 
tallino  system  the  right  prismatic.  Fig,  61  with  <-  and  t-laoes;  cleaTige 
pwallel  to  t.  Specific  grayity  57  (5782,  SchroUer).  Harder  thtt 
gypsum.  Blackish  lead-grey,  3rieldiDg  a  powder  of  the  same  oc^oor. 
(Mohs.)  Heated  in  a  glass  tnbe,  it  gives  off  water,  snlphor,  and  inliMi 
of  arsenic,  and  leares  a  red-brown  dag.  Heated  on  charcoal,  it  effv* 
▼esces,  deposits  a  yellow  and  white  film,  and  fuses  to  a  lead-grey  meiaffii 
bead,  which,  after  continued  roasting,  yields  a  button  of  copper  ~~^^ 
carbonate  of  soda.     (Schr&tter,  Zdtsehr.  Fhy$.  Math.  8,  284.) 
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Amtimonial  eopper^lance^ 
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2PbS,4Cu8,SbS»,AsS';  or  2PbS,AsS'+4CnS^b£W 

K.  Sulphide  of  Bismuth,  Copper,  akd  Lead. — iV««W!«>n^— Six- 
sided  needles,  with  longitudinal  cleavage.  Specifio  gravity  6*12 
(Karsten),  6*757  (Frick).  Soft  and  with  a  mild  lustre.  Steel-grey, 
yielding  a  blackish-grey  powder.  When  heated  in  an  open  tnbe,  it  yims 
sulphurous  acid  and  a  white  deposit,  fusing  into  clear  drops  and  partly 
volatile,  and  leaves  a  metallic  grannie  surrounded  with  fused  black  oxide, 
which  becomes  transparent  and  greenish-yellow  on  cooling.  The  metallie 
globule  gives  a  slight  copper  reaction  with  fluxes,  and  yields  a  grannie  of 
copper  ifter  long  blowing.  Needle-ore  melt«  and  fumes  upon  charooa), 
covering  it  with  a  yellow  deposit,  and  yields  a  metallic  globule  haviug 
the  appearance  of  bismuth.  ^Berzelius.)  Dissolves  in  nitric  acid  with 
separation  of  lead-sulphate  and  a  small  quantity  of  sulphur. 
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The  formula  corresponds  to  that  of  Bournouite  (p.  487),  excepting  that 
Sb  is  replaced  by  Bi. 


L.  Alloy  op  Copper,  Lead,  Tin,  and  Zinc. — a  British  BetUmelal 
contains  b'^  per  cent,  zinc,  10*1  tin,  4*3  lead,  and  80*0  copper.  (Thomson, 
Ann.  Phil,  2,  209.) — 6.  Biddery  ware  is  produced  in  India  by  combining 
2  pti$.  tin,  4  lead,  and  16  copper,  and  fusing  3  pts.  of  the  resulting  alloy 
with  16  of  zinc.  (Wilkius,  Ann,  Phil  2,  471.) 


COPPER  AND  IRON. 


Copper  asd  Tbon. 


A.  Alloy  of  Copper  and  Irom, — Combination  between  these  two 
BtetulE  takes  place  with  difficalty. — 100  parts  of  copper  may  bo  made  to 
OBite  by  fusion  with  any  quantity  of  bar-iroa  from  1  part  to  100  and 
Bpwarits.  The  intensity  of  the  cojiper  colour  increases  till  the  quantititM 
of  tbo  two  metals  become  equal;  but  the  more  the  qnantity  of  the  iron 
exceeds  that  of  the  copper,  the  paler  does  the  alloy  become  on  the  fractured 
sorface.  The  alloy  of  2  pts.  copper  to  1  iron  has  the  greateet  tenacity;  if 
tlie  jiruportion  of  iron  bo  increased,  the  hardueee  tncTeasea  but  the  tenacity 
dimiuishee,  ami  the  fracture  then  becomes  lamioar. — From  orea  contaiaing 
the  aiilphides  of  iron  and  copper,  the  following  alloys  containing  different 
proportioDs  of  the  two  metals  may  be  prepared.  One  alloy  of  this  kind 
WM  copper-red on  the  outer  surface,  had  a  pale  uniform  fracture,  and  waa 
nugnetio.  Another  exhibited  externally  a  copper-red  colour  iucUning  to 
grey;  had  a  deep  copper-colon  rod  and  laminnted  fracture;  waa  mnguetic, 
and  interspersed  with  isolated  granule*  of  copper  and  a  few  granules  of 
iron.  A  third  was  iron -coloured,  hard;  had  a  laminar  fracture;  was  strongly 
magnetic;  and  exhibited  isolated  granules  of  copper  and  immeroua 
grannies  of  iron.  (Musbet,  Phil.  Mag.  J.  8,  81.) — According  to  former 
Btatemenls,  the  alloy  of  copper  and  iron  is  grey,  slightly  extensible,  mora 
difficult  to  fuse  than  copper,  and  magnetic  even  when  it  contains  only  .^ 
part  of  iron.  The  brittleness  of  iron  at  a  red  heat  appears  sumetimea  to 
proceed  from  admixture  of  copper. 

B.  Carbide  of  Copper  and  Ihos. — Carbon  interferes  with  the 
eombiuation  of  iron  and  copper.  (Musbet.)  Copper  impairs  tbe  quality 
of  steel  (Faraday  &  Stodart);  and  in  tbe  proportion  of  2  per  cent, 
renders  it  brittle  (Breaut), — a.  19  pts.  of  steel  fused  with  1  part  of 
Kipper  form  an  alloy  having  a  radiated  crystalline  surface,  harder  than 
OMt-steel,  but  not  available  for  tbe  ordinary  purposes  of  steel,  inasmucb 
u  it  wilt  not  take  an  edge;  the  presence  of  copper  in  the  alloy  is  apparent. 
—b.  10  pts.  steel  with  1  copper.  L«ss  crystalline,  hard,  and  brittle; 
exhibits  a  few  isolated  specks  of  copper. — c.  5  pts.  steel  to  1  copper. 
Lew  intimately  combined,  has  a  granular  fracture,  and  exhibits  a  copper 
colour  on  the  Hied  surface. — d.  3  {its.  steel  to  1  copper.  Part  of  the 
eopprr  settles  down  below  the  steel,  and  separate  particles  of  cupper  are 
likewise  seen  on  the  fractured  surface. — White  ca*t-iron  behaves  with 
copper  in  the  same  manner  as  steel,  but  tbo  combination  is  less  intimate, 
and  the  quantity  of  copper  taken  up  does  not  exceed  ^;  grey  cast-iron 
takes  Dp  still  less,  (Mushct.) 

C.  SuLpniDB  OP  Copper  and  Inotr. — a.  Purple  Copper,  Varifijated 
Copper,  PhUlipeine.  —  Cubes  and  cubo-octohedrons,  with  indistinct 
cleavage  parallel  to  the  octobedral  fiices.  Specific  gravity  4'9  to  5'l. 
Hardness  equal  to  that  of  calcspar.  The  colour  of  tbe  recently  fractured 
surface  is  between  copper-red  and  pinchbeck  brown,  but  it  quickly 
acquires  a  particoloured  tarnisb;  powder  grey ish^ black. — Does  not  give 
off  sulphur  when  ignited  out  of  contnut  ol  air;    when  heated  in  an  open 

flass  tube,  it  yields  alarge  quantity  of  sulphurone  acid,  but  no  sublimate, 
leated  on  charcoal  before  the  blowpipe,  it  acquires  a  dark  tarnish,  tliei 
becomes  black,  and  red  on  cooling.  Fusee  easily  to  a  brittle  globuli 
irhich  becomes  magnetic  ftfter  suffioieat  blowing,  ajid  appears  greyiih-red 


I 


''I 


on  tlin  fnctnred  nurrace.  Wben  ruMt«>l  fur  a  oonaidenble  time  and  itm 
troaW  with  a  siiiull  ijuuntity  of  borax,  it  yielilfl  a  button  of  ropp^r;  ud 
if  fufi'il  wjili  cnrlxinnto  of  suda  after  tlie  sulpliur  haa  been  cvinpU'l^Jj 
cxpollnd,  it  ri<<l<la  separate  gmnatH  of  copper  and  irou.  After  ruuitiit^, 
It  extiibilft  with  fluiei  the  reactions  of  cnpno  and  ferric  oxide.  (B<>rH-liiu.) 
When  moist«no>l  with  liyilrocliloric  acid,  it  colours  the  blowpipo-Bainr 
blue. 

The  onalrten  of  Pnrplo  Copper  lead  to  no  goneral  formula.  Eilb 
there  are  diJrerent  varieties  of  Purple  Copper  to  be  distingutslit^d.  or 
must  be  snppoacd  that  there  ia  Lot  one  kind,  probably  Fe,3Cu.3S  {sir 
the  orystalliied  minora]  exhibits  this  composition),  bat  that  this  mtoei 
1«  allcrod  in  composition  by  admixtarv  of  Tariable  qaantities  of  diaulphi 
of  copper.  Cupper- pyrites,  &c.  The  analyses  correspond  to  the  follovi 
ealculations: 


....  1828  _- 
....  65-81  .... 
....    27-91    .... 


66  ....  14-89  ....  U-84  1  .. 
U4  ....  59-68  ....  68'20  4  .. 
96    ...,     2S-53     ,-,.    2698      3 


13-70 
62-79 
S3-SS 


nn    .„.   n-81   ...   ns7   ....  ii-m 

63'90     ....     6S-34     ....     6303     ....  62-70 

2S39     ,...     24-70     ....     SI-OS     ....  2S-70 

...,  0-«3 


7-9    „..     7-ia 
70-0  ....   ro-** 

20-0     ...,     22-43 


364    ....  10000    ...    99-92    ....      97-9 


C-41 
71-00 
22SB 


a.  is  massive  Pnrple  Copper  from  Martanberg  m  Dalame.  (Plattl 
Pooff.  47,  351.)— 6.  Crystalliied,  from  the  Uondurra  mine  in  Comw 
(Plattner.) — e.  Cubes  from  a  locality  unknown.     The  difference  beti 


this  analysis  and  that  of  b,  ia  perhaps  duo  to  admixture  of  cuprir  <i 
(Vnrredtrapp.) — d.  Purple  Copper  from  Rom  Island.  (Phillips.)— e.  ' 
Weslmanlnnd.  (Hiainjrer,)— /.  Massive,  from  the  Wolt«ki  mine  i 


ahores  of  the  White  Sea. — y.  From  Bristol  in  Connecticut.  (Bodemann.J 
'.  Massive,  from  Eialcbcn.  (Plattner.)— i.  From  Nadand.    (Berthie^ 
,  From  Mont«castclli.  ( Berth ier.l-—/.  Massive,  from  SanEeis" 
(Plattacr.) 


COPPSS  PyHlTES, 

^rom  the  above  caloulatioim  I.  to  VI.  two  sots  of  fonnulte  may  be 
deduced,  accordiagly  as  ive  fiupposo  the  Parple  Cupper  to  cootain  FoS,  or 
-~-  Pl&ttner  profera,  Fe'S^ 

Calcuktion    1.   gives:    4FeS,CuS  +  5Cu'9.      To    mako    the  Becond 

.Ilia  itpplicabio  in  this  case,  Plattnei  supposes  that  tUe  ore  oontaina 
as  woU  HB  Fe^S'. 

Calculation  II.  gives  FeS,CnS  +  Cu»S;  or,  Fe'S"  +  aCu^S. 

Calculation  III.  2FeS,CiiS  +  3Cu'S;  the  second  formula  is  inapjilicahle. 

CnlcuIntioD  IV.  Fe8  +  2Cii'S;  the  sccoTid  fortnulais  inapplicahle. 

Calculation  V.  FeS,CuS  +  2Cn'S,  or  Fe'S'+SCu'S. 

Calculation  VI.  FeS  +  4Cu'S,  the  second  formula  is  inapplicable. 

CalcttUtion  VII.  FeS.CuS  +  lCu-S,  or  Fe'S^'  +  DCu'S. 
Binoe  the  suppositiua  that  the  mineral  contains  FcS,  produces  the  best 
&«oordance  between  the  calculated  and  analytical  results,  we  may  furly 
give  it  the  preference. 

Parple  copper  heated  m  a  cnrront  of  hydrogen  sufifera  some  loss  of 
weight;  via:.,  a,  from  2-19  to  2-50  per  cent.;  /,  2-08  to  2'ea;  A,  0-86  to 
1'03;  ant]  I,  I'O  to  T'l  jjor  cent.  This  loss  proceeds  partly  from  sulphur, 
Fa's'  being  converted  into  FeS  [or  2CaS  into  Cu'S],  partly  from  oxygen 
tentained  m  oxide  of  copper  accidentally  present,  in  which  cose,  particles 
of  reduced  copper  are  found  after  treating  the  mineral  with  hydrogen  gas. 
(Plattner.) 

b.  Copper-pffrUes. — Crystalline  system  the  square  prismatic.  Primary 
Bam,  Fig.  23;  e  :e'=t09"  54';  e  :e"=108^  40';  Fig.  24,  irregular  tetr*- 
tiedrone  produced  by  obliteration  of  the  four  alternate  faces  of  Fig.  23, 
Acnte  cotohedron,  Fig  21,  a  :  «"=126'' U',  and  other  forms.  Speoifio 
gravity  4'IG,  Of  the  hardness  of  fluorspar.  Does  not  give  sparks  with 
ateel.  Brass-yellow,  often  with  a  variegated  tarnish;  yields  a  greenish- 
black  powder.  —  Before  the  blowpipe,  it  behaves  like  purple  copper, 
{Berzelius.)  Dissolves  in  aqua-regia  with  separation  of  sulphur,  less 
zeadjly  in  nitric  acid. — VVhen  heated  to  redness  in  a  charcoal  crucible,  it 
^ves  off  9  per  cent,  of  sulphur,  (Berthier.) 

100  parta  of  copper- pyrites  ignited  with  50  parts  of  litharge,  fuse 
vith  intumescence  and  separation  of  6  parts  of  ductile  lead,  into  a.  pasty 
mass  which  solidifieB  to  a  brown  glassy  slog  on  cooling.— With  100  parts 
qf  litharge,  the  mass  bolls  up,  yields  35  parla  of  ImJ,  11 '5  of  a  grey 
aabatanoe,  and  a  glassy  slog  on  the  top  of  all. — With  200  pts.  litharge; 
40  pts.  lead,  a  small  quantity  of  grey  matter  upon  that,  and  a  translucent, 
dark  brown-red  slag  as  the  uppermost  stratum. — With  300  pts.  litharge: 
The  mass  fuses  readily,  almost  without  ebullition,  yielding  72  jiarte  of 
lead  and  a  dense,  shining,  light  grey  slag.  Hence,  in  the  separation  of 
^td  from  auriferous  pyrites,  it  is  necessary  to  nso  about  three  times  the 
weight  of  litharge,  in  order  to  ensure  the  complete  formation  of  the  slag. 
(Berthier,  Arm.  C/nm.  Phy>.  3&,  25S.) 
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p.  Light  Grey  Copper. — (Containing  a  large  quantity  of  arsenic  in 
addition  to  antimony.)  Speoific  grayity  aboat  4*5  or  4*7.  Steel-grey 
inclining  to  lead-grey;  yielda  a  black  powder. 


H.Rose. 

H.  Rose. 

At 

a. 

At. 

b. 

Zn  .... 

5 

160  ....     3*34 

3-69 

4 

....    128....     2-58 

....     2-76 

Fc    .... 

8 

224  ....     4-68 

4-66 

8 

....    224....     4-51 

....    4-89 

Ag  .... 

•  ••• 

0-60 

1 

....    108....     2-17 

....     2-37 

Cu  .... 

11  +  48 

1888  ....  39-45 

40*60 

11+48 

....  1888 ....  37-99 

....  38-63 

8b   .... 

5 

645  ....  13-48 

12-46 

7 

....    903....  1817 

....  16-52 

At    .... 

7 

525'....  10-97 

1019 

5 

...    375....     7-54 

....     7-21 

o 

84 

1344  ....  2808 

26^3 

84 

....  1344  ....  27-04 

....  26*33 

Quarts 

•  •  •• 

0-41 

4786  ...100-00 

99*44 

4970  ...  10000 

....  98-71 

a.  From  Markirchen  in  Alfiace=(5ZnS,  SFeS,  11  CuS)  + 2400*8  + 
{5SbS»,  7  AbS')  =  4[(AZn,VtFe,HCu)S]  +  (|Sb,^As)S'+4Cn»S,A8S'.— 
h.  From  Gersdorf  near  Freiberg=(4ZnS,8FeS,lAgS,llCuS)  +  24Cu«S  + 
(7SbS',5A8S')=4[AZn,VtFe,  ^Ag,  4iCu)Sb]S*+4Cu«S(4Sb,iA8),S'.— 
According  to  Weissenbach,  h  has  a  density  of  4*722,  and  contains  1*77 
per  cent,  of  silver  and  38*5  of  copper. 

y.  Dark  Grey  Copper, — (Containing  little  or  no  arsenic  associated  with 
the  antimony.)     Specific  gravity  4*7  to  4*9.     Colour  iron-black  inclining 


to  steel-grey. 

When 

rich  in  zinc,  it 

yields  a  dark  red  powder; 

©•  g.» 

a^    6,    Cm 

H.Rose 

'. 

H.Rose. 

At. 

a. 

At 

b. 

Zn  .... 

6 

192  .... 

5*64 

6*85 

10      .... 

320 

....     6*90 

7-29 

F«    .... 

2 

56  .,.• 

1-65 

....       1-52 

I      .... 

28 

....    0*60 

0*86 

Ag  .... 

*••• 

....       0-83 

i... 

0-62 

Cu  .... 

8  +  32 

» 

1280  .... 

37-62 

....     38-42 

11+44  Z 

1760 

....  38-05 

37*98 

Sb    .... 

7 

903  .... 

26-55 

....     25-27 

9      .... 

1161 

....  24-96 

23-94 

As   .... 

1 

75  .... 

2-20 

....       2-26 

2      .... 

150 

....     3-22 

2-88 

8 

56 

896  .... 

26-34 

....     2503 

77      .... 

1232 

....  26-27 

25-77 

3402  ....: 

100-00 
At. 

....  100*18 

4651 

....100-00 
H.Rose. 

99*34 

Zn 

5 

....     160 

....      600 

5-55 

Fe 

2 

....       56 

....      210 

2-27 

Ag 

1 

....     108 

....       405 

4-97 

Cu 

••■■•••••••a 

4  +  24 

....     896 

....     33-61 

34-48 

Sb 

6 

....     774 

....     29-03 

28-24 

m 

S 

42 

....    672 

....     25*21 

24-73 

2666     ....  100*00       ....     100-24 

a.  From  the  Aurora  at  Dillenbnrg;  sp.  gr.  4*846;  contains  0*56  silrerand 
88*5  copper. 

(6ZnS,  2FeS,  8CuS)  + 1 6Cu2S  +  (7Sb8», AsS»)  « 
4  [ft  Zn,  AFc,  ftCu^S],  SbS»  +  4Cu88(J8b,  iXB)&. 

h.  From  Kapnik  in  Hungary;  sp.  gr.  4*75;  contains  1-01  per  cent,  silyer 
and  37*6  copper.  (Weissenbach.) 

(lOZnS,  FeS,  UCuS)  +  22Cu*S  +  (9SbS>,2AtS))  » 
4 [^Zn,  AFe,  UCu)S] ,  SbS>  +  4Cu'S,  d^Sb,  AAs)S'. 

c.  From  Zilla  near  Clausthal : 

(5ZnS,2FeS,  1  AgS,4CuS)  +  12Cu>S  +  6SbS>  » 
4[/,Zn,  ^Fc,  /|Ag,  ACu)Sl,  Sb8?  ^  4Cu*^,^\i't^. 


4M  Qomau 


Zb 1  ....  SI ....  s-y«  ^.    b-fn 

Fe    1    ....    28  ....    3*25  ....  4-42  2     ....    U  ....    4*10  ....  4'5 

Af  ....  1*09  1     ....  108  ....     7-90  ....  W 

Cu  2  +  8....  820  ....  3715  ....  SMI  S  + 12..,.  480  ....  35-11  _  3*7 

Sb   2    ....  258  ....  29-93  ....  25*97  S     ....  387  ....  88-31  ^  2H 

8 14    .^  224  ....  25-99  ....  23-76  21    ....  336  ^  24-58  ....  21-1 

JtD     ..  ....  »...  ....  V  v4  <»..*  ....  ....         wv 

UndeooMpotad  ....  ....  ....      0-47 

862  ....100-00    ....    98-38  1367  .-100-00    »..  lM-9 

d.  MaanTe  FaU-om  from  Dnnngo  in  Mezioo: 

(lZn84Fe8,2CaS)'«-4Ca*S'i-2Sba^  ->  4[4Zn,iF^}Co)q»8b9'f-4Cii«,SbS>. 

e.  Crystalliied,  from  Clanstlial: 

(2ZiiS,lF«8^CiiS)  •»-  12CaS8  -f  3Sb8^  «  4[iZB,  (F^  iCB)6L8bS^  •«-  4€i^6U^. 

i.  Silver  Fahl^^rt. — (Daik  grey  copper  rich  in  eilyer.)-^.  TU 
OraugiUigm  of  Wolfihch  forms  dodeGabew>n8  with  tetnJiedral  and  cabe- 
faces,  and  of  specific  gravity  5*007.  (Weissenbach.)— 6.  The  so-called 
Crystallized  Weusgilligerz  from  Freiberg  oocnrs  in  tetrahedrons  and  yields 
a  black  powder.  (H.  Rom.) 

At  H.  Rom.  Kbproth. 

2n  3  ....  96  ....  3*24  ....  3-10 

Fe    4  ....  112  ....  3*78  ....  3*72  ....  7*00 

Ag   5  ....  540  ....  18-23  ....  17*71  ....  13*25 

Cu  24  ....  768  ....  25*93  ....  25*23  «..  25*50 

Sb    6  „..  774  ....  26-14  ....  26*63  ....  27*00 

S 42  ....  672  ....  22*68  ....  23*52  ....  25*50 

2962    ....  100-00        Z        99*91        Z        98-25 

At.  H.  Rose. 

Zn  2  ....  64  ....  1-45  ^.  0*99 

Fe    12  ....  336  ....  7*63  ....  5-98 

Ag  2+11  ..:.  1404  ....  31*88  ....  31*29 

Cu  21  ....  672  ....  15*25  ....  14*81 

Sb    8  ....  1032  ....  23*43  ....  24*63 

S 56  ....  896  ....  20*36  ....  21-17 

4404      ....     10000        Z.        98*87 

Graugiltigerz : 

(3Zn8,4FeS,5Ag6)+12Cu*S+6SbS'  ^  4[(AZn,r\Fe,AAg)S]SbS>+Ca'S>SbS*. 

Weissgiltigen: 

(2ZiiS,  12FeS,2Ag8) + (51  AgB,  10iCa%) + 12SbS' » 

4[(,%Zn,4|Fe„«,Ag)S],8bS»+4[(HAg',HCu^],8bS3. 

• 

It  is  here  assnmcd  that  the  greater  part  of  the  silyer  contained  in 
WeissgiUigen  is  in  the  state,  not  of  protosulphide  of  silver,  AgS,  but  of 
disalphide,  Ag^S^  and  rephuses  part  of  the  copper,  {vid,  inf.) 

With  respect  to  another  variety  of  Weissgiiiigerz,  which  does  not  appear  to  belong 
to  Fahl-ore,  vid.  WeisMnbaoh  (/.  teehn.  Chem.  10,  215),  and  with  respect  to  different 
varieties  of  White  Copper-ore,  vid.  Breithaupt,  Pogg.  58,  281;  59,  325). 

i.  Quicksilver  Fahl-ore, — (Dark  grey  copper,  containing  mercury.) — 
a.  From  Val  di  Castello.     Massive,  of  specific  gravity  5'0d2,  iron-black; 


■  FAHL-OKE. 

jrtclds  a  dark  reJ-brovrD  powder.  Wlien  l)cat«d  alone  in  a  glaaa  flask,  it 
yields  a  small  quantity  of  a  red-brown  eublimatc,  bnt  with  carbonate  of 
soda  it  gives  ofl'  mercury.  Heated  in  an  open  glass  tube,  it  evolvea 
BulpLurouB  acid  and  antimonic  oxide.  On  charcoal  it  fueos  readily, 
depositing  an  areola  of  zinc-oxide  near  the  assay,  and  of  antimonic  oxido 
&t  a  creator  distance.  Completely  decomposed  by  aqua-regia  and  like- 
wise by  nitric  acid,  though  less  quickly.  {Keraten,  Poffff.  59, 131.) — b.  From 
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(H.  Rose  &  Scheidthauer,  Pog^.  58,  161.) 
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a.  =  {6Zn8,3Fe8,IIIg8,6CuS)-HiCCu^e  +  8SbS> 

=  4[{,^Zn„',FB,,i,Hg,,'.Cu)S:,SbS>  +  40u'8,8b8'. 
i.  =  (lZnS,8Fe8,4H^,9Cu8)-(-2aCu'S  +  8Sb8'-|-3A»S' 

=  4[(,'jZa,i',Fe,,*,Hg,,',Cu)a],8b8>  +  4Cu=8,(,',Sb,AAB)8'. 

In  the  preceding  calculation  of  the  eeveral  varieties  of  Fobl-ore,  the 
folloving  gcueral  formula  haa  been  aeauTiied  aa  the  foundation: 

4M8,I1S>-I-4M-8,H8'. 

HS  denotes  the  protosulphidea  of  zinc,  iron,  mercury,  nlrer,  and  copper; 
M-S,  diaulphido  of  copper  and  sometimes  also  disnlphJde  of  silver  (a 
compound  not  known  in  the  separate  state,  but  analogous  to  the  dioxide 
of  silver  and  therefore  possible).  RS^  is  tccsulphide  of  arsenic  or  auti- 
mony.  Almost  all  the  calculations  correspond  very  nearly  to  the 
analytical  results,  excepting  that  the  analyses  genemlly  ahow  a  dcltciency 
«f  sulphur,  arsenic,  and  aiitimony,^the«e  suhstancec^  m  Rose's  method  of 
analysis,  having  been  oonverted,  by  treating  the  mineral  with  chlorine, 
into  volatile  dilorine  compounds,  which  it  wu  difficult  to  condense 
completely. 

H.  Rose,  to  whose  admirable  investigations  we  are  pHmarily  indebted 
for  the  more  exact  knowledge  of  the  sto'ichiumetricid  compoiutiou  of  Fabl> 
oiQ,  assigns  to  it  the  formula: 

4M8,HS>+2{4M8',H8'). 

This  formula,  however,  is  not  so  simple  as  tho  preceding;  moreover,  in  the 
c&se  of  Silver  Puhl-ore,  it  requires  that  the  atomic  weight  of  silver  I>o 
reduced  from  108  to  f>4,  and  consequently,  that  the  componnd  hitherto 
legarded  as  protosulphide  of  silver,  AgS,  do  considered  as  adisnlphide, 
Ag'S,  so  that  in  the  second  term  of  the  formula,  2(4M'S,RS'')  it  may  be 
iWc  to  tiie  the  place  of  the  deficient  Go's.  Since,  however,  silver-oxido 
is  iaumortihciue  with  potash  and  soda  (I.  88),  this  halving  must  likewise 
be  extended  to  the  atoms  of  potassium  and  aodium,  a  change  which  would 
ooosiderably  complicate  the  formulm  of  their  comjiounds. 
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7.  AxLOT  or  CoppKi,  Lkuc,  and  Zcra— 80  pte.  ane,  1  pi.  eof^ter^  ta^ 
1  fL  cact-iroa  finMi  Sorel'i  White  Brai$,  Tlus  mlloy  has  tlie  aqieet  and 
fraccaiv  of  ofdumnr  niic;  is  as  hard  as  eo|^r  and  tougher  than  eut-iroa; 
■MT  ho  tara^  filed,  and  hored;  and  does  not  nut  eren  in  damp  dtoatioBa 
(Benhicr.  /"a^.  52,  344.) 


parir 
bfas»>^ 


G.  ScxpHOflTAinrATB  OP  Iftox  AXD  CoppES. — Tim-pyrUa. — &ieeifie 
iritT  from  4 '33  to  4'454;  harder  than  calcspar;  steel-grey  indining  to 
is^Tellov:  yields  a  black  povder. — When  strongly  ignited  upon  efair- 
coal.  it  lues,  vith  eTolation  of  snlphnrons  acid  and  Ibnnation  of  white 
stannic  oxide,  vhich  coTen  the  asay  and  the  parts  of  the  charoosi 
neamt  to  It,  and  cannot  be  removed  by  continuing  the  blast.  After  loi^ 
ivartinf  on  the  chareoaL  it  yields  a  bri'ttle  metallic  globnle,  which  coloan 
iaxes  kke  inw  and  copper.  When  fiued,  after  continued  roasting,  with 
a  mixtnie  of  carbonate  of  soda  and  borax,  it  yields  a  hard,  pde  red, 
■erne what  brittle  ^obale  of  metaL  (Beraelins.)  Nitric  acid  dinolves  it 
ivadily.  foiming  a  bine  eolation  and  separating  stannic  oxide  and  snlphnr. 

Jiut-pyriCei  from  Cornwall: 
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3FeS.SnS^-^2Cn^.SnS'.— According  to  Weissenbach,  the  Cornish  Hih 
pyrites  contains  0-02  per  cent,  of  silrer  and  28  per  cent,  of  copper;  thst 
uvm  Zinnwaki,  0*017  p.  c.  silrer  and  24*6  p.  c.  copper. 


CoppsB  AXD  Cobalt. 


CoBJLLTOSO-CTPRfc  ScxPHATC^Long^  obliqoe  rhombic  prisms,  like 
tho»  of  green  Titriol.  and  with  very  nearly  the  same  angles.  [Green 
vitriol.  howeTer.  contains  but  7  atoms  of  water,  and  this  salt  contiiiu 
10  atomf.]  Dark  bottle-green  by  reflected,  bat  rose-red  by  transmitted 
light:  has  an  astrinj^ent  metallic  taste,  and  is  easily  soluble  in  water. 
(Liebig.  ^<Air.  47.  4^3.) 


2CoO.. 
CuO 
3S0» 
30HO 


Cry9tmUi2ed.  liebi;. 

75        ...       14-85  1482 

40         .         7-92  7*50 

120       ...       23-76  23-43 

270      ....       53-47  53-01 

505      ....     100-00  98-76 


2,CiiO,  SO»  -r  10Aq.^  -h  CuO.  SO*  -r  lOAq. 


According  to  Mit^herlich,  this  salt,  when  it  contains  au  excess  of  cobalt- 
sulphate,  has  the  form  of  green-Titriol  and  contains  7  atoms  of  water. 
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Copper  and  Nickel. 

A.  Alloy  op  Nickel  and  Copper. — Very  extensible;  colour  in- 
clining to  white  in  proportion  to  the  quantity  of  nickel.  According  to 
Gcitner,  it  tarnishes  by  exposure  to  the  air  more  quickly  than  German 
silver. — A  small  quantity  of  copper  destroys  the  magnetic  power  of 
nickel,  but  the  smallest  addition  of  iron  restores  it.  (Erdmann^  Schw, 
48,  138.) 

10  pts.  copper  to  1  nickel:  pale  copper-red,  perfectly  ductile. — 10  pts. 
copper  to  2  nickel:  reddish- white. — 10  pts.  copper  to  3  nickel:  almost 
white. — 10  pts  copper  to  4  nickel:  perfectly  white;  on  the  touchstone,  it 
exhibits  the  whiteness  of  silver.  (Frick,  Schw.  48,  141.) 

Old  slags  from  disused  mines  at  Suhl  contain  white  granules  of  metal, 
which  are  now  extracted  and  sent  into  the  market  as  Suhlian  NickeL-iUver 
(Suhler  Weiaskupftr),  According  to  Brandos  {Schw,  39,  17),  the  alloy 
thus  obtained  is  composed  of  8*75  nickel,  88  copper,  0*75  sulphur  and 
antimony,  and  1  '75  iron,  silica  and  alumina. 

B.  NiccoLO-cupRic  Sulphate.  —  When  the  proportion  of  cnpric 
sulphate  is  comparatively  small,  the  crystals  of  this  salt  have  the  form  of 
green  vitriol  and  contain  7  atoms  of  water;  with  a  larger  quantity  of 
cupric  sulphate,  they  have  the  form  of  the  latter,  and  contain  5  atoms  of 
water.  (Mitscherlich.)  —  The  crystals  examined  by  Brewstef  &  Fyfe 
{Schw.  33,  345),  contained  39*5  nickel-oxide,  5*3  cupric  oxide,  25*5 
sulphuric  acid,  and  29*7  water. — Brooke  {Ann.  Phil.  23,  117)  obtained 
oblique  prisniatic  crystals,  having  the  form  of  Fig.  83,  but  without  the 
a-faces;  i :  w  or  w' =  100°  15';  t:/=117°30';  t/' :  w'=  83°  30'.  The 
aqueous  solution  of  these  crystals  yielded  on  evaporation  and  cooling, 
first  crystals  of  blue  vitriol,  and  then  of  the  double  salt,  together  with 
crystals  of  rhombic  nickel-sulphate. 

C.    SOLPHATE     OF     CuPRIC     OxiDE,    NiCKEL-OXIDE,     AND     PoTASH. — 

Separates  from  the  mixed  solution  of  cuprico-potassic  sulphate,  and 
niccolo-potassic  sulphate,  in  prisms  similar  to  those  of  the  ammonio- 
ma^csian  sulphate.  They  are  pale  green,  permanent  in  the  air,  give  off 
water  and  assume  a  dingy  yellow  colour  when  heated,  and  dissolve  in 
4  parts  of  water  but  not  in  alcohol.  (Bette,  Ann.  Pharm.  14,  279.) 

(KO,  SC  +  NiO,  SO»  +  6Aq.)  +  (KO,  SO^  +  CuO,  SO»  +  6Aq.) 

Bette. 

2KO    94-4  21-46  19*60 

NiO     37-5       ...         8-52         870 

CuO    400       ....         909         8-75 

4S0'    1600       .  ..       36-38         :J5  82 

12IIO 1080       ...       24-55         2625 

4399       Z.     10000         Z~         99-12 

T).  Alloy  of  Copper,  Nickel,  and  Zinc. — NickeUsUvery  German 
Silver,  White  Copper,  Packfong  (or  properly  Packtong,  i.  e  .white  copper, 
according  to  Schott),  Weifikupfer,  Neusilher,  Argentan,  Maillechort. 

The  copper  and  nickel  are  first  melted  together  in  a  crucible,  and  the 

zinc  then  added  in  pieces  previously  heated.     Or  the  three  metals,  in  a 

Htatoof  fine  division,  arc  mixed  together  in  a  crucible,  copper  being  place<l 

at  top  and  at  bottom — the  whole  covered  with  charcoal-powder,  anci  fused 
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vith  s  ni*Axz  dnn^lit.  tbe  mixture  being  stimd  all  the 
vii  ^r.  X'j  ez^Tir«^  :hr  <!«:icpi«te  eolotion  of  the  difKcoltly  fiisible  niekeL 
T'Z'-r  1-  ij«7r  a::d  it-^  more  cofD|»le<elj  the  mixtoiv  u  fused,  the  more 
di:::I^  -i.  tr^  i:  l«t..me:  fan  of  the  zxsc  bums  mw:ay.  (Gendoifl^  i'o^. 

/'-  r-  — '  .a#  <■/  ^  n^tfrviZf. — •!•  2  pte.  copper.  1  nickel,  1  rinc: 
?rr^r>  :  r  ?j*-:.t*  an-i  fvrk*. — b  5  pi*,  copper.  2  niekeL  2  xine;  bas  the 
o '.'  ir  '.t  *:>er  allv-je-i  w:ih  *  pt.  copper:  scrres  for  knife  and  fork 
fcaoi'.r-*.  ^zLZ^^ru  Sl»:. — :.  3  pt^.  c»>pper.  1  niekeL  1  line;  this  proportion 
r*>r^  :h<  fc«nt  alloT  for  r^llin^.  Tbe  addition  of  3  puts  of  lead  to  100 
p<.  of  it^  mixiire  t.  or  of  2  pt?.  lead  to  100  parts  uf  the  mixture  6, 
T:«rM*  a-,  ^'j  a<iapte<i  fr  ca&t  articles,  snch  as  candlesticks,  span,  and 
\^ll*,  Tt^  a-iiiiioa^  of  2-5  pi*,  of  iron  or  steel  to  100  parts  of  alloj 
rectrr*  i:  mnch  wLiter.  bet  likewise  harder  and  more  brittle;  the  iron 
ma»t  b«  prer:>ja«I V  fase*l  with  a  portion  of  the  copper,  onder  a  lavcr  of 
chanxol-povder  in  the  Ki;ist  furnace,  and  then  melted  together  with  the 
line  acd  nickel  and  the  re&t  of  the  copper.  (Geradorff.) — d,  8  pts.  copper, 
-3  nickel,  an-i  5  zinc  vield  very  cood  niekel-silrer.  (Frick.)  An  alloy  of 
10  pt^.  Cupper.  I  cicVel,  and  5  zinc  has  still  a  pale  yellow  colour;  that 
which  CC'C tains  10  copper.  1  nickel,  and  7  zinc,  yellowish- white  and  leas 
•luetile  tban  './.  ( Frick.  v^ Larger  qaaotities  of  iron  do  not  enter  into 
ivnib':x;aci'.*n  with  the  nickel-silver  as  a  whole,  bat  nnite  with  part  of  the 
c<.pper.  nickel,  an^i  cirb«L'n.  forming  an  alloy  which  floats  like  drops  of  oil 
on  the  surface  of  the  nickel-silver.  (Enlmann.) 

N!ok-^l-?iIver  has  a  crystalline  structure  when  solidified  from  fusion. 
It  mu?t  tboref>-'re  be  heate«l  to  dnll  redness  and  cooled  again  completely, 
U?f.'re  It  i-  rvlied  or  hammered:  when  once  the  crystaUine  structure  bas 
l-een   des:n.'Ve»L   the    alloy   may    be   worked   like    brass.     (Gersdorff.^ 
Chinese  niclLel-silver  may  be  worked  even  at  a  dull  red  heat,  but  at  a 
stroD^r  lieit.  it  flies  to  pieces  on  the  slightest  stroke  of  the  hammer. 
(Fyfe.  KJinh.  PAH.  J,  7,  63.) — Nickel-silver  is  harder  than  silver,  an«l 
.-usceptiblo  of  a  hiirh  polish.     Its  colour  approaches  that  of  silver,  but  'n 
gHEver.     A  nii.\ture  of  I  pt.  oil  of  vitriol  and  7  parts  water  turns  it  white 
when  l-oiIe«l  with  it.  •  Gersdorfi'.)— It  is  not  magnetic,  or  but  slightly  S4» 
when  it  e^n tains  a  certain  amount  of  iron.     It  fuses  at  a  bright  red  heat, 
the  zinc  burning  away  if  the  air  has  access  to  it.     WTien  exposeil  to  the 
air,  it  acquires  a  slight  yellow  tarnish.     When  immersed  in  vinegar  it 
beo.'raes  coaieil  with  venligris,  only  at  those  parts  where  the  air  c-an 
likewise  aci  upon  it    (Friok.)     In  vinegar  it  becomes  greenish  black;  iu 
wine,  '.Lirk  bn>wu:  in  s«>lution  of  common  salt,  red-brown;  in  solution  of 
sal-amni'^uiac  or  tartaric  acid,  black  with  green  spots;  and  in  oxalic  acid, 
black.  ^Darcet.  J,  Pharm.  23,  223.)     In  water  containing  ^^  of  potash- 
hydrate,  it  remains  bright.  (A.  Vogel.) 

Amaly9f9  qf  Commercial  Xiekel-SUrer. 
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a.  Chinese  Packfong,  of  specific  gravity  8*432.-6.  English  nickel-silver, 
somewhat  yellower  than  the  German.— -«.  Parisian  Mailleohort;  contains 
also  a  trace  of  arsenic,  which  remains  behind  when  the  alloy  is  dissolved 
in  nitric  acid.— <i  and  e.  From  unknown  sources. — /,  g,  and  k,  English 
nickel-silver,  used  in  Birmingham  for  articles  that  are  to  be  plated. — 
i.  From  Sheffield,  distinguished  by  extraordinary  elasticity,  used  for  the 
friskets  of  printing-presses. 

American  Nickd-tUver. — 1  pt.  iron,  1  cobalt,  2  silver,  2  tin,  4  man- 
ganese, 24  nickel,  36  zinc,  and  96  copper.  (Haggenmacher,  J,  pr.  Ohem* 
4,  388.) 

Other  Compounds  of  Copper. 

With  Mercury,  Silver,  Gold,  Platinum,  Palladium,  Rhodium,  Iridium, 
and  Osmium. 
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